AD-A263  248 


TECHNICAL  REPORT  RD-AC-93-1 


TACTICAL  UNMANNED  GROUND  VEHICLE 
RELATED  RESEARCH  REFERENCES  (BTA  STUDY) 


Virginia  Young 
Larry  Brantley 
Advanced  Systems  Concepts  Office 
Research,  Development,  and  Engineering  Center 


s 


DTIC 

ELECTE 
APR  2  2  1393 

c 


MARCH  1993 


Ft0c/e±ory&  Ar*soria/,  Atabsimei  35898-5000 


Approved  for  public  release;  distribution  is  unlimited. 


93-08602 

tliilllllilll 


SMI  roRM  10?1.  1  AUG  85  PREVIOUS  EDITION  IS  OBSOLETE 


DISPOSITION  INSTRUCTIONS 

WHEN  THIS  REPORT  IS  NO  LONGER  NEEDED.  DEPARTMENT  OP  THE 
ARMY  ORGANIZATIONS  WILL  DESTROY  IT  IN  ACCORDANCE  WITH 
THE  PROCEDURES  GIVEN  IN  AR  3S0-6. 


DISCLAIMER 

THE  FINDINGS  IN  THIS  REPORT  ARE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG¬ 
NATED  BY  OTHER  AUTHORIZED  DOCUMENTS. 


TRADE  NAMES 


USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


TACTICAL  UNMANNED  GROUND  VEHICLE 
RELATED  RESEARCH  REFERENCES 


DWC  QUALITi'  DfCTSCTSD  # 

U.S.  ARMY  MISSILE  COMMAND 
Research,  Development  &  Engineering  Center 
23  September  1992 


NT»S  CRA4I 

Due  tab 

Unannoi'nced 

JustifiCution 


By _ 

D'^t'ibulion/ 


Av,jilabtlify  Codes 


Avr^il  and /Of 

Spectal 


REPORT  DOCUMENTATION  PAGE 


form  Apprwod 

Ohm  No.  o/04-otmi 


VuMc  rcponinq  tutOtn  tot  thn  coUcciton  ot  infomMiion  n  ntinwiM  lo  ••«r*9«  i  How  cm  rfinonw.  inotiamg  tiw  tun*  for  tm’mmnq  •nnrucuom.  ccmamm  nmam  iin»  tOMtai. 
9ailWfin9  and  manytatnmg  tli*  MU  ntoMO.  and  comtHafUnd  and  rmawing  in*  loMOion  ot  inlormauoo  Und  commtna  raMfdIng  ihM  dundtn  •fOmau  or  cm  oOwr  aiiurr  of  iMt 
coUocnon  dt  intormatian.  induding  wgMtiom  tor  raduting  Itm  tkirddn.  lo  Waihinqtan  noadouantn  umcn.  otntctorato  for  intormaoon  Oiodronona and  nwimii.  fotiamm 
DatntHlglwray.  SuHt  IJOd.  Arlinqfon.  VA  221U-430i,and  to  tnoOttkdOt  Manaoomani  and  ludiooi.  Aaciorwan  Aad<iCtiormatO(t|0TIM«>in.iMaitunipen  OC  20W) 


1.  AGENCY  USE  ONLY  (Lf«v«  b/tnJi) 


4.  TITLE  AND  SUBTITLE 


2.  MfOKT  DATE 

March  1993 


3.  RCIK}RT  TYRE  AND  OATES  COVERED 

Progress  Sep  91  to  Sep  92 


5.  FUNDING  NUMBEI» 


Tactical  Unmanned  Ground  Vehicle  Related  Research 
References  (BTA  Study) 


6.  AUTHOR(S) 

Virginia  Young 
Larry  Brantley 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AODReSS(ES) 

Commander 

U.S.  Army  Missile  Command 
ATTN;  AMSMI-RD-AC-AD 
Redstone  Arsenal,  AL  35898 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AOORESS(ES} 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


TR-RD-AC-93-1 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


12».  distribution /AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (MiKimum  200  wonijf 

This  report  is  an  effort  to  review  available  literature  related  to  Unmanned 
Ground  Systems  and  supporting  technology  for  the  purpose  of  assisting  the  develop¬ 
ment  of  hardware  solutions  to  requirements  for  an  unmanned  ground  system.  This 
manageable  set  of  references  details  pertinent  references  with  summaries  and 
catalogues  references  relative  to  component  support. 


14.  SUBJECT  TERMS 

15.  NUMBER  OF  PAGES 

254 

Unmanned  Systems,  Robotics,  Reference 

16.  PRICE  CODE 

17.  security  classification 

IB.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

20.  UMiTATtON  OF  ABSTRACT 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

SAR 

i/(ii  blank) 


PTincfi«>*d  bv  ANSI  Std  2:39- 
29«-i0? 


TABLE  OF  CONTENTS 


ftaye 

TABLE  OF  CONTENTS  . iii 

LIST  OF  ACRONYMS  . .  iv 

1.0  INTRODUCTION  . I 

2.0  REFERENCE  PAGE  SUMMARIES 

2.1  MOBILE  BASE  UNIT  (MBU)  .  5 

2.2  PAYLOAD  .  52 

2.3  DATALINK  .  73 

2.4  OPERATOR  CONTROL  UNIT  (OCU)  . 115 

2.5  OVERALL  UGV  SYSTEM  . 125 

APPENDIX  A  UGV  CHRONOLOGICAL  REFERENCE  LIST . 187 


iii 


LIST  OF  ACRONYMS 


AA 

Abbreviated  Analysis 

AMC 

U.S.  Anny  Materiel  Ccmunand 

AROD 

Airborne  Remotely  Operated  Device 

ASAP 

Army  Streamlined  Acquisition  Process 

ATA 

Automatic  Target  Acquisition 

ATR 

Automatic  Target  Recognititm 

ATV 

AU-Tenain  VdAick 

BCC 

Battlefield  Circulation  Control 

BOT 

Burst-Oo-Taiget 

BTA 

Best  Technical  Apinoach 

CALEB 

Taaical  Unmanned  Ground  Vehicle 

CARD 

Compata  Aided  Remote  Driving 

CCD 

Charged  Coupled  Device 

CECOM 

Con^uter  and  Electronics  Command 

CFP 

Concept  Formulation  Package 

COE 

Qmcqpt  Of  Errqiloyment 

COEA 

C(»t  and  Operational  Effectiveness  Analysis 

COEE 

Concept  of  Emptoymeot  Evaluatiai 

COMECM 

Communication  Electronic  Countermeasures 

COMESM 

Communication  Electronic  Suppon  Measures 

CS 

Control  Station 

CV 

Control  Van 

DARPA 

Defoise  Advanced  Research  Presets  Agency 

DCT 

Discrete  Cosine  Transfonn 

DGPS 

Differential  Global  Positioning  System 

DPCMA1.C 

Differential  PCM  coding  and  Variable  Length  Coding 

Dsn 

Dynamic  System  Technologies  Incoporaied 

ECM 

Electronic  Counter-Measmes 

EMP 

Electrtnnagnetic  Pulse 

EMI 

Electromagnetic  Intetfetence 

EOM 

Countermeasures 

FEC 

Fonvad  Error  Cofrectian 

FELICS 

Feedback  limited  Control  System 

FUR 

Forward  Looking  Infia^ 

LIST  OF  ACRONYMS  (cont.) 


FO 

Fiberoptic 

FOV 

Field-of-View 

GATORS 

Ground  Air  Teleaperated  Robotic  System 

GFE 

Government  Furnished  Equ^ent 

GPS 

Global  Positioning  System 

HEL 

U.S.  Army  Human  Engineering  Lab(»atory 

HFOV 

Honzontal  FlektOf-View 

HMD 

Head  Mounted  Di^lay 

HMMWV 

Higb'Mobility  Multi>Wheeled  Vehicle 

IBSSU 

Internal  Bearing  Stabilized  Sighting  Unit 

IFF 

Identify  Biend  or  Foe 

IR 

bfuned 

m&D 

Independent  Research  and  Development 

IRLS 

Infra-Red  I  .inescanner 

msT 

bfia-Red  Search  and  Track 

ISOR 

Marine  Ctxps  Initial  Statement  of  Requirement 

LADAR 

Laser  I>irection  and  Ranging 

LLLTV 

Low  Light  Level  Television 

LOS 

Line  Of  Sight 

MAD 

Magnetic  Anomaly  Detector 

MAPS 

Modular  Azimutb  Positioning  System 

MBU 

Mobile  Base  Unit 

MDARS 

MoUle  Detectitm  Assasment  Reqxmse  System 

MET 

Meteorological 

MICOM 

U.S.  Army  Missile  Cominand 

MILES 

Multiple  Laser  Engagement  System 

MP 

Mobile  Platform 

MTl 

Moving  Target  Indicator 

MULE 

Modular  Universal  Laser  Etpnpment 

NBC 

Niirtmir,  ninln£iMl,  and  OiMniml 

NCCOSC 

Naval  Command  and  Control  Ocean  System  Center 

NDI 

Ncm-Devetopmental  Items 

NIST 

NatkMal  Institute  of  Standards  and  Technology 

NLOS 

Non  Line  Of  Sight 

LIST  OF  ACRONYMS  (cont.) 


NONCOM  ECM 

Non-Qwnnnmir.atioo  Etectzonic  Countenneasures 

NONCX)MESM 

Nop-Communication  Electnxik  Suppott  Measures 

NOSC 

Naval  Ocean  Systems  Center 

cx:s 

(^leraior  Control  Station 

ocu 

Operatin’  Control  Unit 

O&OHan 

Operanonal  and  Organizatiaiial  Ran 

ORD 

Operadmial  Requirements  Document 

P3l 

I^eplamied  Piodua  Improvements 

PIPE 

Pipelined  Image  Processing  Engioe 

PRECOM 

Predictive  Coding  Using  the  Cosine  Transform  and  Motion  Compensation 

PROWLER 

Robotic  vebide 

RABFAC 

Radar  Beacon  Forward  Air  Contrdler 

RANGER 

Robotic  vehicle 

RAW 

Rifleman's  Assault  We^xm 

RCS 

Real-Time  Control  System 

RDTE 

Research,  Devekqtment,  Test  and  Evaluation 

RF 

Radio  Ftequency 

RISTA 

Reconnaissance,  Intelligence,  SurveUlance,  and  Target  Acquisition 

ROC 

Reqimed  Opetadmial  Capability 

RV 

Remote  Vdiicle 

SAR 

Synthetic  Apertme  Radar 

SINCGARS 

Single  Channel 

SMMP 

System  Manprint  Management  Plan 

SOP 

Standard  Operating  Procedures 

SPKE 

Hypervelocity  idtietic  energy  penetrating  roclcet 

SSG 

Special  Study  Group 

SSV 

Sunogate  Semiautonomous  Vehicle 

STF 

Special  Task  Force 

STV 

Surrogate  Teleoperated  Vdikde 

TTRs 

Tedmical  Inddent  Rqxms 

TMAP 

Teleoperated  Mobile  And-Aimor  Projea 

INS 

Terrain  Navigation  System 

TOA 

Trade-Off  Analysis 

TOO 

Trade-Off  Detenninatkn 

vi 


LIST  OF  ACRONYMS  (cont.) 


TO 

Hieories  of  Employment 

TOV 

Teleopemted  Vehicle 

TRADOC 

U.S.  Aimy  Training  and  Doctrine  Command 

TS 

Transport  Subsystem 

TlXJV 

Tactical  Unmanned  Ground  Vehicle 

TV 

Television 

UGV 

Unmanned  Ground  Vehicle 

UGVJPO 

Unmanned  Ground  Vehkie  Jr^t  Prpjea  Office 

UHF 

Ultra<High  Requency 

USAIS 

U.S.  Army  Mantry  School 

USMCCDC 

U.S.  Marine  Corps  Cmnbat  Develoinnent  Cmnmand 

UTM 

IMveisal  Transverse  Mercator 

VFOV 

Vertical  Reld-Of-View 

VHP 

Very<High  Frequency 

VIPER 

RAW 

VNAS 

Vehicle  Navigaticm  Aid  System 

VQ 

Vector  Quantization 

vii/(viil  blank) 


1.0  INTRODUCTION 


This  report  was  prepared  in  an  effon  to  review  iix  avail^le  literature  related  to  Uninanned  Ground  Vehicle 
(UGV)  development  for  the  purpose  of  assisting  on  the  generation  of  a  Best  Technical  Approach  (BTA).  The 
approach  taken  fcnr  this  effon  was  broken  into  the  seven-step  {woceduie  shown  in  the  following  figure: 


Step  One  involved  gathering  various  repOTts.  papers,  and  other  written  documents  which  were  related  to 
UGV  issues.  Step  Two  was  the  organization  of  these  papers  into  chronological  orto.  Step  Ihree  was  accomplished 
by  revievring  all  available  references  for  tqjplicability  to  the  current  UGV  design  effort  (i.e.  operationai  requirements, 
design  approaches,  and  test  results).  Step  Four  was  the  generation  of  a  Master  Reference  List  whdch  included  all 
references  which  passed  through  the  screening  process  of  Step  Three.  In  Step  Five,  references  woe  specifically 
reviewed  for  a|q>licability  to  key  design  issues  and  major/minor  UGV  subsystems  (MBU,  OCU,  Datalink,  i^yloads. 
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etc.)  found  in  the  Work  Breakdown  Structure  (WBS).  Step  Six  involved  a  flnaJ  in-dq>th  review  and  a  one  page 
summary  of  all  references  wbicta  were  ^iicable  to  key  design  issues  or  m^m/minor  UGV  subsystems.  In  Step 
Seven,  these  summaries  were  organized  chronologically  and  according  to  the  WBS.  The  summaries  provide  valuable 
insight  into  various  aspects  of  UGV  systems  and  provide  a  foundation  for  recommendadcHis  which  appear  in  the  final 
BTA.  These  summaries  have  been  included  in  this  report 

Step  One  involved  accessing  the  AMSMI-RD-AC-AD  Advanced  System  Concept  Office's  database  located 
at  Redstone  Arsenal,  Alabama.  This  database  included  over  1000  test  reports  and  various  other  types  of  repeats  from 
such  sources  as  Naval  Command  and  Control  Ocean  Systems  Center  (NCCOSC-fMtnally  NOSC).  U.S.  Army 
Human  Engineering  Laboratory  (HEL),  Harry  Diamond  Laboramry  (HDL),  Tank  Automotive  Command  fTACOM), 
Computer  and  Electronics  Command  (CECOM),  Sandia  National  Laboratory  (SNL),  Oak  Ridge  Nadooal  Laboratory 
(ORNL),  Unmanned  Ground  Vehicle  Joint  Projea  Office  (UGV-JPO),  Unmanned  Aerial  Vehicle  Joim  Project  Office 
(UGV-JPO).  and  U.S.  Army  Missile  Command  (MICOM).  These  repotts  tanged  from  the  1960’s  to  die  presait. 

in  Step  Two,  ail  references  were  organized  by  year,  month,  and  day  to  aid  in  determining  which  references 
were  applicable  to  the  current  UGV  design  effort.  The  rationale  behind  this  being  that  the  more  recent 
papers/documents  were  thought  to  be  mote  applicable  to  the  cunent  UGV  design  effort.  Furthermore,  this  type  of 
organization  allowed  a  chronological  look  at  the  progress  of  UGV  systems. 

Step  Three  was  an  effort  to  identify  all  available  references  which  discussed  operational  requirements,  design 
a^iproaches,  and/or  test  results.  Operational  requirement  documents  which  were  reviewed  during  the  literature  search 
include:  I)  the  Army  Operational  and  Organizational  (O&O)  Plan;  2)  the  Marine  Corps  Initial  Statement  of 
Requirements  (ISOR);  3)  Operational  Mode  Summaries;  and  4)  the  Army  Operational  Requirements  Document 
(ORD).  The  following  are  examples  of  design  approaches  found  during  the  literature  review:  1)  camera  placement 
techniques;  2)  camera  aiming  options;  3)  supervisory  driving  algorithms;  and  4)  data  compression  algorithms. 
Additional  references  which  were  reviewed  contained  test  results  from  the  following  types  of  tests:  1)  stereosct^ic 
vision  versus  monoscopic  vision;  2)  color  displays  versos  mtmochrome  displays;  3)  fixed  camera  versus  smering- 
slaved  cameras;  4)  field-of-view  (FOV);  S)  periiAeral  vision;  and  6)  datalink  compression  techniques. 

In  Step  Four,  all  of  the  documents  which  passed  through  the  screening  process  described  in  Step  Three  were 
included  in  the  chronological  UGV  master  reference  list  found  in  the  back  of  this  report  as  Appendix  A.  The  current 
master  reference  list  contains  1,134  references. 

In  order  to  be  of  value,  the  list  of  references  must  be  reduced  to  a  more  manageable  set  which  coniains  only 
those  significant  few  which  provirte  evidence  which  supports  choices  ammig  alternatives  for  the  BTA.  To 
accomplish  this,  the  UGV  system  was  decomposed  into  fmir  major  subsystems  which  were  further  decomposed  into 
minor  subsystems  (found  in  the  work  breakdown  structure)  as  shown  in  the  following  figure: 


2 


Step  Five  was  an  effort  to  identify  all  available  teferences  wbicb  discussed  key  design  issues  and 
tnajor/minor  UGV  subsystems.  An  example  of  these  key  design  issues  is  shown  in  the  following  figuie: 


MBU 

Sapcf^boiylMfiag  Hd<MK-View  (FOV) 

VcUdc  SpMd  IVriphcral  FOV 

Stereo  StcciiBf  Stored  Cemem 

Color  Contra  Ftocemeat 

Payload 

Stereo  Weight 

Color  WeagNBO  CageUHtjr 

Aolanolic  Target  AcgoiiMoa  And  TracUgg  Acooatice 

FkldOr-View  (FOV)  Moat  SUbBIt; 

Perifihcrol  FOV 

OCU 

Heinet-Moanted  Diepi^i  Signalne 

FUt  Pood*  Weigiit, 

CFTt  Fiber  Optic  Cooctraiirti 

Steering  Contraif  (joyetidc,  yoke,  bmdleban,  etc.) 

Datalink 

Data  Comprenifln  Radio  Frcgaeney  (RF)  Egedpnen  Weight 

Noo-UneOfSi^  Fiber  (^ific  Weight 

Relayi  Range 

FOerOptka  Sarrirahdity 
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lo  Step  Six,  ail  references  filtered  through  the  process  described  in  Step  Five,  were  reviewed  in  depth  and 
summarized  in  a  one  page  fmmat.  These  sununaries  highlight  equiinneni  thru  has  bmi  used  cm  {nevious  systems  to 
meet  operational/technical  requirements  and  provide  valuable  inf(»mati(»i  on  issues  such  as:  using  colw  displays, 
using  head-mounted  displays,  correct  camera  positionmg,  preferred  camera  aiming  techniques,  benefits  of  stereoscc^c 
vision,  proper  field  of  view  (both  horizontal  and  vertical),  zooming  capabilities,  fiber  c^cs,  we^n  issues,  mast 
issues,  recognition  ranges,  detection  ranges,  identification  ranges,  acoustic  sensor  benefits,  navigatiem  units,  and 
dataiink  compression  reefaniques. 

In  Step  Seven,  these  summaries  were  organized  chronologically  and  accemling  to  die  WBS.  This  was  done 
in  an  effort  to  facilitate  the  use  of  this  report  as  an  analysis  tool  by  the  BTA  Team. 
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MOBILE  BASE  UNIT  (MBU) 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Common  Problems  in  the  Evaluation  of  3D  Di^lays.  1983 

AutborCs);  John  O.  Merrin 

OBJECTIVE: 

The  potential  benefits  of  stereoscopic  visual  displays  have  often  been  overkxdced  in  a  number  of  important 
application  areas.  Cmnmonly  occurring  problems  in  stereoscopic  display  evaluatitm  are  illustrated  widi 
examples  from  the  literature. 

APPROACH: 

The  analysis  presented  here  is  drawn  from  previously  published  research  and  from  the  autlujr’s  perstmal 
experience  with  several  3-D  display  system  evaluation  projects.  Examples  fttun  the  literature  are  used  to 
show  how  certain  dtanges  in  experimental  Catctors  can  drastically  alter  the  results  of  the  stereo  evaluation. 

LESSONS  LEARNED: 

Stereo  display  systems  are  usually  thought  of  as  aids  to  seeing  where  things  are  in  3-dimensional  space. 
One  very  important  side  benefit  of  stereo  is  seeing  what  things  are  in  an  unfamiliar  scene.  Laboratory 
conqniisons  of  stereo  and  non-stereo  displays  usually  involve  repeated  trials  with  sinq>le,  familiar  objects; 
thus  the  operationally  important  stereo  advantage  in  figure-ground  separation  is  not  recognized.  This 
"image  interpretation"  advantage  of  stereo  is  particulafiy  important  for  remote-viewing  systems  that  have 
limited  resolution  or  poor  gray  scale  in  the  visually  complex  scenes  found  in  operational  sodngs.  Stereo 
display  techniques  can  aid  percepdcm  tbrou^  separation  of  terrain  and  foliage  images  that  ve  jumbled 
together  in  conventional  FUR  or  LLLTV  (Low  Light  Level  TV)  used  for  nap-of-the-eaith  flight  In 
addititm.  just  as  visual  performance  with  two  eyes  is  better  than  with  one,  a  stereo  di^lay  out  effectively 
separate  uncorrelaied  noise  firom  imi^e  signal  in  tire  two  channels,  a  feat  effotlessly  performed  by  the 
human  visual  system.  This  effectively  provides  up  to  40  percent  better  resolution  with  existing  di^lay 
technology,  hi  addition  to  improving  effective  image  quality,  a  two<hannel  stereo  systmn,  like  a  twin- 
engine  aircraft,  provides  a  single-camera  ctmtingency  mode  in  case  one  diannel  should  fail.  While  the 
doubled  cmnplexity  of  fire  stereo  system  raises  the  probability  of  a  single  camera  fiultiie,  the  probability  of 
failure  in  bodi  camera  channds  is  significantly  reduced. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


6 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Visual  Perf(»inaiioe  and  Fadgue  with  Stereosct^ic  Televisicw  Cdsplays,  22  •  25  April 

1984 

Autbor(s):  Edward  H.  Spain  and  Robert  E.  Cole 

OBJECTIVE: 

To  i^esent  the  results  of  an  experiment  which  tested  factors  relevant  to  the  percepdcn  of  depth  in 
steieoscopically  televised  remote  environments. 

APPROACH: 

A  geometrical  model  describing  retinal  disparities  produced  by  stereosoqric  TV  systems  is  briefly  discussed 
and  experimentally  tested  for  various  configutmitms  of  camera  separadon  and  magnificadon.  Operates 
visual  fadgue  induced  by  these  configuradons  is  also  measured.  Although  geonetrical  configuradons  do 
affect  perceptual  perfotmance,  they  do  not  affect  it  in  a  manner  consistent  with  the  simple  geometrical 
model. 

LESSONS  LEARNED: 

Camera  separadon  exerted  an  influence  on  both  verbal  and  hapdc  measures  of  perceived  dqKh  but  did  not  do 
so  in  a  manner  consistent  with  the  simple  geometrical  model  of  retinal  disparities.  When  disparities 
increased  beyond  "normal"  levels  as  a  result  of  increasing  camera  separation,  perception  of  d^ufa  in  the 
remote  envirmment  became  more  accurate,  not  more  distorted.  Magnifleation  was  not  found  to  have  a 
significant  influence  on  perceived  depth.  Targets  used  in  this  experiment  were  unpattemed,  and  so  a  major 
benefit  of  magnification,  that  of  increased  detail  resolution,  could  not  have  been  a  significant  factor  in 
detenniiung  dqitb  perception.  Measures  of  visual  effidency  taken  before  and  after  testing  with  the  stereo 
TV  system  faited  ti>  show  any  statistically  rignificant  differences  in  visual  fatigue  across  the  set  of  values 
for  camera  separadtm  and  magnification  tested.  It  should  be  noted,  however,  that  great  care  was  taken  in 
balancing  and  aligning  the  two  channels  of  the  TV  system  and  that  average  testing  time  on  the  stereo 
display  was  tmly  about  20  minutes.  Thus,  modenue  eiqiosure  to  "unnatural"  disparities  produced  by  a 
carefully  tuned  Mereo  TV  system  do  not  appear  to  engender  very  much  if  any  visual  fatigue  in  observers. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Stereoscopic  and  Volumetric  3'D  Displays:  Survey  of  Tedbnology,  June  1984 

Autbotfs):  T.  E.  Phillips 

OBJECTIVE: 

To  investigate  available  stereoscopic  and  volumetric  (ie.  nonperspective)  three-dimensional  (3-D)  dit^lay 
technologies,  report  oa  the  cunent  state-of-the-art,  and  select  candidate  technologies  that  have  near-term 
^licability  to  command  and  control  display  needs. 

APPROACH: 

Three-dimensional  display  can  conveniently  be  broken  down  into  three  categories:  1)  perepective  3-D,  2) 
stereoscopic  3-D,  and  3)  volumetric  3-D.  This  report  will  address  the  latter  two  techniques:  stereoscopic 
and  vdumetric  3-D  display.  Emphasis  has  been  placed  on  assessment  of  methods  that  can  be  tq^plied  to  the 
presentation  of  dynamic  NTDS  graphics  and  symbology.  Since  the  techniques  under  consideration  present 
cues  to  depth  that  are  not  commonly  used  in  computer  graphics,  a  sectitm  describing  die  mechanisms  of 
depth  percepdoo  is  included. 

LESSONS  LEARNED: 

Of  the  available  techniques,  only  stereoscopic  display  ^qiears  to  bold  promise  for  near-term  application  to 
command  and  control  needs.  Varifocal  minor  techniques  have  potential  for  console-type  displays  where 
ambient  lighting  and  display  volume  are  not  crucial  considerations.  All  other  methods,  such  as  Iwlogtaidiy, 
lenticular  screens,  and  scanning  slit  paiallax  barriers,  require  extensive  research  and/or  development  efforts. 
A  major  obstacle  m  rapid  utilization  is  the  general  lack  of  personal  experience  with  3-D  display  in  those 
who  have  the  best  perception  of  where  ii  might  be  applied,  coupled  with  the  difficulty  of  portraying  the 
effea  of  3-D  diqtlays  in  hardcopy  form. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Stereographies  Stereoso^ic  Video  System  Results  From  Testing  lodoms,  26  February 

1986 

Autlx)i<s):  U.S .  Anny  Engineer  Topogrqjfaic  Laboratories 

OBJECTIVE; 

The  USAETL  Topograhic  Developments  Latxnatory  has  in-house  a  three  dimensional  stereoso^c  video 
system  ctmsisting  of  two  video  cameras  with  matched  lenses,  a  display  controller,  a  camera  controller, 
viewing  glasses,  and  a  19"  video  monitCK'.  A  VCR  is  interfaced  with  the  system  to  record  the  video  image. 
This  video  camera  system  display  will  deliver  a  flickerless,  full-color  image  to  one  ex'  more  users.  The 
Automated  Compilation  Branch  has  tested  and  evaluated  the  system's  capabilities  and  documented  the  results 
in  the  foUowing  repent 

APPROACH: 

The  stereosco|Hc  video  system  was  analyzed  through  the  results  of  three  separate  tests  conducted  on  the 
system.  The  three  tests  include:  test  patterns  (registration  pattern,  resolution  pattern,  and  gray  scale); 
pegboard  testing;  and  square  background  testing.  The  tests  ctmducted  with  the  test  patterns  will  evaluate  iIk 
operation  of  the  stereosoqtic  video  system,  and  the  pegboard  and  square  background  tests  will  compare 
stereopsis  to  the  monoscopic  depth  cues.  The  goal  of  the  tests  conducted  is  to  determine  if  the  3D 
stereoscqnc  video  camera  system  will  increase  the  amount  of  infemnation  that  the  display  user  can  extract 
from  the  video  image. 

LESSONS  LEARNED: 

Tbe  display  indicated  a  compressed  image  at  the  and  stretched  at  the  bottom.  Since  both  cameras 
showed  similar  non-linearities,  tbe  monitor  itself  is  probably  out  of  adjustment  With  the  wide  angle 
lenses,  the  number  of  gray  levels  detected  <k)es  not  depend  on  the  interaxial  separation  of  the  cameras,  but 
does  dqtend  on  tbe  lighting  ctmditions  and  the  distance  fipom  tbe  camera.  With  the  telephoto  lenses,  dm 
number  of  gray  levels  detected  does  not  dqiend  cm  tbe  interaxial  separation  ot  tbe  lighting  ctmditions  or  the 
distance  frenn  tbe  camera  (up  to  20  *)•  The  results  of  testing  indicate  that  distance,  more  than  interaxial 
separation,  affects  dqMb  perceptiem.  The  best  results  were  (4>tained  using  3D  viewing  with  a  short  distance 
from  dm  pegboard  to  tbe  cameras  and  a  large  interaxial  separation  between  tbe  two  camen^.  Urn  conclusion 
of  tbe  Square  Background  Test  is  that  3D  viewing  is  an  inqrrovement  ova  2D  viewing  in  detecting  a 
difference  in  deptb  of  otgects  that  lade  trumoso^c  depth  cues.  3D  viewing  would  be  a  valuable  tool  for 
camouBage  qrpUcations,  becanse  3D  viewing  would  increase  the  aUlity  of  the  observa  to  find  camouflaged 
objects  (objects  whose  color  is  similv  to  the  envirtmmental  background)  in  an  environment  where  2D 
viewing  would  not  detect  the  camouflaged  otgect 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trade-Off  Study  for  tfae  Mobility  Sensor  Pan-and-Tllt,  Hydraulic  or  Electric?,  27 

Fdmiary  1986 

Autbor(s);  Eric  K.  S.  Lee 
OBJECTIVE: 

The  purpose  of  diis  study  is  to  detennine  whether  electrical  or  hydraulic  power  should  be  used  to  operate  the 
mobility  sensor  for  die  GATERS  ground  vehicle. 

APPROACH: 

Criteria  that  affect  the  choice  between  electric  and  hydraulic  power  are  examined  in  this  smdy.  The  decision¬ 
making  process  used  to  arrive  at  the  omclusions  are  described  in  Appendix  1.  Methods  of  calculadmis  are 
described  in  Appendices  2  and  3.  The  fcdlowing  criteria  were  used  to  compare  the  relative  advantages  of  an 
electrically  powered  and  a  hydraulicaUy  powered  mobility  sensm;  perfonnanoe,  conmercialiy  available 
units,  durability,  service  and  repair,  size  and  weight,  cmnplexity,  short  term  operation  without  engine 
power,  power  and  efficiency,  and  cost  To  compare  electric  and  hydraulic  power,  typical  systems  had  to  be 
assumed.  A  PMI  S6M4H  servo  drive  motor  with  a  60:1  harmonic  drive  and  FMI  power  amplifier  were 
chosen  to  repesent  a  typical  electrical  system.  The  drive  train  was  assumed  to  be  a  chain  and  sprocket  or 
belt  and  pulley.  Con^iact  Air  hydraulic  cylinders  ami  Dyval  Inc.  servo  valves  were  chosen  to  reptesent  a 
typical  hydraulic  system.  A  summary  of  decision-maldng  criteria  is  presented  in  Table  1. 

LESSONS  LEARNED: 

The  flexibiliQ'  of  hydraulics  allows  easy  modification  to  produce  a  varied  of  peak  traques  and  qieeds  at  low 
cost  Ihis  flexibility  makes  hydraulics  preferable  to  electronics  in  the  category  of  perfmmaoce.  Tbetmly 
potentially  useful  cmiunercial  pan  and  tilt  is  hydraulic  and  costs  tgqjroximately  $4500.  If  this  unit  proves 
satisfactory  during  testing,  it  will  be  an  overwhelming  factor  in  favor  of  a  hydraulic  system.  Under 
Durability,  hydraulics  are  slightly  advantageous  since  the  performance  of  the  electrkal  system  is  degraded  at 
extreme  temperatures  and  waterproof  motors  are  expensive.  In  the  categmies  of  Size  and  Weight,  Service 
and  Reprir,  and  Complexity,  there  are  no  significant  differences  between  the  two  systems.  The  electrical 
system  is  clearly  advanti^eous  for  shot  term  t^wtatioD  without  engine  power  since  it  does  not  require  the 
additkm  of  an  en^gy  storage  system.  Under  Power  and  Efficiency,  hydraulics  are  preferable  due  to  higher 
efficiency  and  more  reserve  power.  A  cost  comparison  shows  the  hydraulic  components  to  be  less 
expenrive  that  the  electronic  components. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 

REFERENCE: 

Tide:  Technology  Assessment  for  Command  and  Control  of  Teleoperated  Vehicles,  May  1 987 

Autlx)r(s):  Douglas  E.  McGovern 

OBJECTIVE; 

To  investigate  the  present  state  of  the  art  in  vehicle  command  and  control  with  emphasis  on  the 
tnanAnarhiiK*.  interface. 

APPROACH: 

Discussum  of  specific  functions  involved  in  vdiicle  operation  and  himMm/marhhv*  as«ogiat«vi  capaHiities 
Discusskm  of  system  perfimnanoe  tradeoffs  and  recommendations  for  future  developmenL 

LESSONS  LEARNED: 

Stereoscopic  visitm  is  important  in  remote  manipulatitm  tasks  and  close>in  maneuverability.  Ctmjectuied 
that  color  will  increase  operator  ability  to  identify  targets  and  locate  obstacles. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Cunent  Development  Needs  in  the  Control  of  Teleoperaied  Vehicles,  July  1987 

Authcnfs):  Douglas  E.  McGovern 

OBJECTIVE: 

To  review  experimental  studies  of  remote  driving  to  gain  an  understanding  of  the  control  requirements  for 
teleoperation  of  land  vehicles. 

APPROACH: 

Reviewed  experimental  studies  and  investigated  the  related  technologies  of  vision,  kinesthetic  feedbadc, 
training,  and  perfotinance  measurement  Through  this  review,  a  number  of  significant  areas  requiring 
additional  development  work  were  identified. 

LESSONS  LEARNED: 

The  most  significant  repotted  work  in  land  v^iicle  teieoperatitm  involved  comparison  Of  tl»  time  taken  to 
conqilete  a  marked  course  widt  a  teleoperated  vehicle  versus  the  time  required  when  manually  driving  the 
same  vehide.  Vision  fiv  teleqiKtatioa  was  provided  by  a  video  system  in  which  two  cameras  were  mounted 
cm  a  pan/tilt  unit  oa  board  the  vehicle.  The  drive  for  the  pan/tilt  was  taken  from  the  q)eraun’'s  head 
position.  Thus,  the  driva  turned  his  bead  to  lode  at  an  area  of  interest  and  the  cameras  were  driven  to 
follow.  The  operator's  befanet  was  configured  with  video  displays  such  that  stereo  vision  was  perceived. 
The  results  of  this  testing  indicated  at  least  a  factor  of  two  reduction  in  vehicle  speed  between  manual  (on¬ 
board)  driving  and  remote  driving.  In  a  different  ^iicatitm,  tests  were  run  using  a  small  vehicle  in  an 
indoor  environment  The  operator  was  to  negotiate  a  path  through  a  maze,  identifying  the  widea  qtenings 
of  giUBways  contained  in  the  maze.  The  operator  was  more  effective  using  a  stereo  video  system  (more 
accurate  choice  of  widest  tqjening)  than  with  a  single  video  presentation  (two  dimensional  di^lay)  but  the 
time  to  complete  tlm  course  was  slower.  With  a  high  resolution  camera  (7S0  hmzontal  pixels),  a  65 
degree  field-of-view  (FOV)  is  required  for  presentation  of  normal  (20/20)  vision  to  the  operator.  With  a 
POV  of  abtwt  90  degrees,  the  visual  equivalent  is  worse  than  20/150  (what  can  be  seen  at  20  feet  is  the 
same  as  seen  fiom  ISO  feet  away  with  nonmd  visitm).  Stereoscopic  vi^  has  been  demon^iated  to  be  of 
importance  in  close-in  vehicle  maneuverability.  When  visual  cues/kinestbetic  cues  do  not  replicate  actual 
experience,  a  condition  commonly  known  as  "simulator  sickness"  may  result  Sympumis  can  include 
nausea,  dizziness,  spinning  soisations.  and  confiision.  It  has  been  the  experience  at  Sandia  that  it  is  very 
difficult  to  maintBin  operator  awareness  of  vehicle  tilt  md  roll.  As  a  result  vehicle  it^vers  have  occurred. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  A  DenuHisiiation  of  Retro-Traverse  Using  a  Semi- Autoacanous  Land  Vehicle,  April 

1988 

Aiitlior(s);  D.  E.  McGovern,  P.  R.  Klarer,  and  D.  P.  Jones 
OBJECTIVE: 

To  demonstrate  retro-traverse  on  a  semi-autoncanous  land  vehicle. 

APPROACH: 

Initial  course  planning,  maneuver  generation,  and  obstacle  avoidance  are  performed  through  teleoperation. 
Vehicle  returns  autotxnnously  to  the  start  location  by  reversing  route  already  traveled. 

LESSONS  LEARNED: 

Local  obstacle  detection  and  avoidance  system  will  be  required.  The  dead  reckcming  and  position  control 
system  had  a  small  amount  of  error. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Teleoperatioii:  Tdefneseoce  and  Peifoixnance  Assesmeat,  ^)ril  1988 

Autb(H<s):  Ross  L.  Pepper  and  Peter  K.  Kacmea 

OBJECTIVE: 

The  objectives  of  the  fundamental  research  in  human  perception  and  human  faaors  ^tgineeiing  being 
pursued  at  NOSC  is  twofold:  First,  we  seek  to  enhance  the  effectiveness  of  advanced  telet^seratcr  sy^ems 
by  improving  the  display  of  information  to  the  operator  of  the  system.  Secondly,  we  are  working  to 
acquire  the  knowledge  base  needed  to  provide  the  human  engineering  design  princ^les  required  for  the  next 
goieration  of  teleopetator  wodr  systems  and  telerobotic  devices. 

APPROACH: 

Our  initial  approadi  is  to  review  existing  human  psychomotor,  perceptnal.  and  cognitive  performance  test 
batteries,  as  well  as  prr^Msed  rrAotic  evaltuuion  criteria,  for  tests/criteria  to  be  included  in  the  1  eleopemor 
Performance  Evaluation  Battery.  In  addition  to  discrete  human  psycfaomotor  perfonnance  using  a 
teleoperator  system,  we  are  pursuing  the  develqanent  of  a  broad  range  of  measures  to  assess  the  role  of 
telepresence  in  both  operator  perfmmance  during  manual  control  operations  as  well  as  during  periods  of 
system  autcuKiny  (intermittent  autontmiy),  whereby  the  qjerator  performs  a  mtmitofing  fimctioo. 

LESSONS  LEARNED: 

Stereo  TV  {Hovides  a  significant  perfonnance  advantage  over  conventional  TV  when:  1)  the  remote  scene  is 
unfamiliar  or  firequently  changing,  2)  the  rate  of  learning  new  tasks  is  tnqKxtant,  3)  errcHs  must  be  avoided 
or  minimized,  4)  tasks  have  significant  depth-positioning  requirements,  and  5)  imagery  is  degraded.  In 
previous  wmk,  the  generic  p^-in-hole  task  was  not  found  to  depend  heavily  on  the  depth  posidtming  cues 
produced  by  the  retinal  disparity  available  in  tte  Stereo  View  condition.  The  {sesent  study  replicates  these 
previous  findings  while  using  a  much  more  [uecise  taskboard  design  and  a  greatly  increased  range  of  task 
difficulty. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  A  Laboratofy-Simulation  Approach  to  die  Evaluabon  of  Visioa  Systems  for  Tekoperated 

Vehicles,  June  1988 

Authoifs):  D.  P.  Miller  and  D.  E.  McGovern 

OBJECTIVE: 

This  experiment  was  conducted  to  compare  three  visicm  systems  using  actual  vdiicle  teleopenuions  and 
videot^  simulatioo  derived  firom  vehicle  teleoperatioo. 

APPROACH: 

Three  video  systems  were  used  for  testing:  1)  a  steering-slaved  color  CCD  camera,  2)  a  fixed-color  CCD 
camen  widi  the  color  turned  off  at  the  monitor,  and  3)  a  fixed-color  CCD  camera  dis}dayed  in  ctrior.  The 
lens  {mvided  about  forty  degrees  horizontal  field  of  view  (HFOV)  and  resolutioa  was  about  300  horizontal 
TV  lines.  Subjects  detected  and  identified  objects  or  obstacles  on  the  coarse  tlutt  were  important  to  vefaide 
control.  These  objects  included  artifidal  objects  and  naturd  features.  Two  groups  were  tested.  The  driving 
group  remotely  operated  the  vehicle  over  a  marked  coarse  avoiding  obstacles  in  dieir  path.  The  simulation 
group  watched  a  prerecorded  videotr^  of  driving  the  same  coarse  and  identified  obstacles  as  diey  were 
approached 

LESSONS  LEARNED: 

Simulation  subjects  expressed  a  preference  for  a  narrower  HFOV,  and  teleoperatioo  subjects  indicated  a 
prefereiice  fm  a  wider  HFOV  with  the  difference  being  statistically  significant  Performance  in  obstacle 
detection  showed  no  significant  tfifference  amtmg  any  of  the  experimental  condifitms;  although  a  slight 
advanuige  af^ieared  in  the  color  condition.  Investigaticm  of  individual  obstacles  for  differences  in  detection 
range  betwemi  simulation  and  teleoperaticm  showed  mixed  results.  Surprisingly,  no  steering-slaved 
advantage  was  seen.  This  may  be  accounted  for  in  the  fact  that  this  was  only  a  detection  task  artd  not  an 
actual  driving  task.  Cokn-  had  only  a  nine  foot  detection  range  advmtage  over  bladk  and  white  in  the 
obstacle  detection  task.  The  similarity  of  perfrnmance  in  the  simulation  and  teletqieiation  condititHis 
suggested  that  the  non-interactive  simulation  technique  can  realistically  measure  visual  performance  on 
tasks  associated  with  off-road  vehicle  teleoperatioo.  The  simulatioo  tecbniqae  here  could  potentially  save 
much  tune  and  effort  when  used  in  trade  studies  involving  various  vision  systems  for  vehicle  tdeopermiaD. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Camera  StabilizatiiKi  Tecbniques  for  Ground- Air  Teksoperated  Vefaicies.  November  1988 

Autlior(s):  H.  M.  Costello,  S.  M.  Killougb.  J.  C.  Rowe,  and  W.  R.  Hamel 

OBJECTIVE: 

To  investigate  the  feasibility  of  the  accelermneter  feedback  ^jproach  to  camera  stabilizmion  througli 
omqniter  simulatioo  and  e^^Ksimental  verificatkm. 

APPROACH: 

The  basic  approadi  was  TOV  modeling,  control  algorithm  design,  and  test  stand  development  and 
implementatioD.  First,  vehicle  motion  was  studied.  Second,  a  control  algraithm  was  developed  to 
oompensate  for  the  level  (rf  disturbances  transmitted  to  the  camera  firom  the  vehicle.  Third,  a  singk-degrce- 
of-£teedam  test  stand  was  designed  and  bbricaied  to  examine  the  stabilization  control  aigocithiiL  In  the  find 
step,  the  control  algoiitlan  was  impiememed  on  the  test  stand  and  evaluated. 

LESSONS  LEARNED: 

Active  camera  stabilization  requiies  inertial  balancing,  nonobstmctive  mounting,  and  measuring  and  feeding 
badt  the  (tistufbtaioe.  Ibe  prevalent  method  used  to  actively  feed  back  the  disturbance  is  the  implementation 
of  a  gyroscope  by  eidier  mechanically  coupling  the  gyro  to  the  camera  of  by  driving  a  control  system  using 
die  gyro  output  signal  An  example  of  the  latter  approach  is  the  internal  bearing  siainlized  sighting  unit 
(IBSSU)  developed  by  McDoonell  Douglas.  Commercially  availalde  camera  stabilization  systons  are 
widely  used  in  aircraft  and  news  broadcast  indnstcies.  As  mentioned  above,  gyro-based  stabilizatian  systems 
are  the  predominant  type  active  stabilization.  Several  types  of  units  were  located  that  use  gyroscopes 
mechanically  roupied  to  ibe  ctBneramirrcjr  or  lens.  These  units  include  the  KB-29A  Siriim  Camera  System 
by  Faircbild,  the  GS  913  stabilized  mirror  unit  by  British  Aerospace  Inc.,  the  CAI  cameras  by 
Optical/Recon,  Inc.,  and  the  news  industry's  Gyrozoom  by  Scbwem  Technology.  The  CAI  and  Fairchild 
systems  are  both  bulky  and  prohibitively  expensive  -  in  excess  of  $100K  for  some  of  tbe  CAI  systems. 
Ibeaooelenxneier  feedback  qjproach  tracked  low  fiequency  inputs  neatly  perfectly  while  removing  as  much 
as  75%  of  the  camera  jitter  vibntiaa.  Camera  jitter  ftequeodes  of  3  and  4  Hz  were  reduced  by  90%. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Proposed  Designs  for  Teleoperated  Vehicle  (TOY)  Brake  Improvements  and  Auto-Park 

Sequence,  1  November  1988 

Authorfs):  C.  Metz 

OBJECTIVE; 

The  objectives  of  this  task  are  to:  1)  improve  the  "feel”  of  the  control  statical  brake  pedal  to  give  the 
operator  a  more  realistic  braking  response  and  2)  develop  a  method  that  controls  vehicle  braking  in  response 
to  the  amount  of  force  ^lied  by  the  operator  to  the  control  station  brake  pedal. 

APPROACH: 

To  laovkle  a  more  realistic  "feel"  to  the  tnakes  it  is  proposed  that  the  hydraulic  cylinder,  currently  installed 
as  a  danqier  for  the  brake  pedal  s|Hing,  be  cqiped.  Air  will  be  bled  into  the  system  until  the  pedal  has  the 
same  range  of  inotkm  as  an  actual  HMMWV  Isake  pedal.  The  use  of  a  fluid/air  "spring"  on  the  brake  pedal 
should  produce  a  realistic  spongy  feel.  To  provide  improved  control  in  the  braking  system  it  is  proposed 
that  ccmtrol  station  brake  system  pressure,  rather  pedal  displacement,  be  used  to  regulate  braking  of  the 
TOV.  By  utilizing  this  type  of  control  schese  the  qjerator  should  be  able  to  prevent  abrupt  stopping  by 
regulating  the  amount  of  force  he  qtplies  to  the  pedtd. 

LESSONS  LEARNED: 

By  middng  the  control  statitm  brake  pedal  feel  more  realistic  and  improving  the  method  by  which  vehicle 
brakes  are  amtrolled,  an  operator  will  be  able  to  more  accurately  estimate,  based  on  his  previous  driving 
experience,  how  much  pedal  pressure  is  needed  to  slowly  or  rtqridly  decelerates  die  vehicle.  At  present  the 
tmly  ways  tl»  operator  can  detet  June  bow  the  vehicle  is  braking  in  reqxmse  to  his  actions  is  by  visually 
perceiving  a  change  in  the  rate  at  whidi  the  surrounding  landscape  passes  by  or  by  tilting  the  mobility  bead 
to  look  at  the  vehicle  speedmneter.  To  have  true  force  feedback  there  must  be  soa»  way  of  sensing  changes 
in  vehicle  speed,  transmitting  that  information  in  real-time  and  presenting  it  to  the  operator  in  «jch  a 
fashioD  that  be  can  intuitively  sense  how  the  vehicle  is  braking.  There  has  been  some  discussion  as  to 
whether  the  parking  Qiand)  brake  should  also  be  actuated  as  part  of  the  Auto-Park  sequence.  If  this  action  is 
included  it  would  be  necessary  to  deveh^  a  method  of  sensing  vehicle  speed  stnce  the  parking  brake  could 
be  damaged  if  engaged  while  the  vehicle  was  moving.  Also  there  is  the  issue  of  how  to  reflect  oorrKt 
nuns  ci  the  parking  brake  on  the  operator's  couole  if  it  is  engaged  automatically  instead  of  nunually. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Sensohmotar  Requtrements  for  TeleoperatioQ,  December  1988 

Auth(»(s):  Gary  Kress  and  Hareo  Almaula 

OBJECTIVE: 

The  FMC  Corporate  Technology  Center  is  currently  under  contract  to  TACOM  to  design  atKi  develt^  a 
Robotic  Command  Center.  In  trying  to  identic  the  design  requirements  for  the  human-machine  interfatx 
fOT  the  RCC  it  became  apparent  that  there  is  vinoally  no  information  in  the  literature  related  to  that  issue. 
Furthermore,  there  is  little  empirical  dau  or  information  in  general  relating  to  the  issue  of  seasonnaotor 
requirements  for  teleoperatitn.  As  a  result,  corporate  research  funds  were  used  to  prepate  the  present  pester 
which  is  an  atteoqtt  to  identify  smne  of  the  knowledge  gtqs  and  research  requirements  in  this  area. 

APPROACH; 

Discussion  of  teleoperation  control  requirements,  sensory  requirements  for  teleoperation,  teleoperation 
technology  assessment,  assessment  of  current  knowledge  on  teleopeiaiiao,  and  research  requirements. 

LESSONS  LEARNED: 

Studies  on  the  cqiabilities  of  the  visual  system  show  that  the  use  of  color  can  faalitatff  object  detection  and 
discrimination  for  most  tasks.  However,  when  the  color  of  an  t^ject  is  not  relevant  to  the  task,  search 
tunes  can  be  increased  if  a  color  display  is  used.  Anecdotal  data  firom  lelet^reratkm  field  studies  inrficatf  that 
while  driving  or  looking  for  targets,  tq^eratms  tend  to  narrow  their  FOV  by  ctmcenirsuing  for  lengthy 
periods  of  time  on  a  limited  area.  A  narrow  camera  field  of  view  is  also  required  to  increase  display 
resolution.  On  the  odier  hand,  operators  report  that  a  wide  FOV  is  very  desirable  for  turning  and 
maneuvering  in  close  quarters  and  for  getting  a  general  orientation  with  regard  to  the  landsc^.  The 
literature  on  motion  sidmess  however  indicates  that  a  wide  FOV  is  a  strong  contritHitor  to  motitm  sktotess. 
Some  labmmory  studies  show  that  binocular  vision  can  facilitate  depth  and  size  perception  for  close-in 
viewing  tasks  and  there  is  also  evidence  frmn  field  studies  to  suggest  that  stereo  vision  may  facilitate  the 
detection  of  negative  obstacles  and  positioning  of  (Ejects  in  the  depth  plane,  especially  unda  reduced 
visibility  conditions.  The  preponderance  of  the  available  studies  however  suggest  rha>  stereo  visxRi  does 
not  improve  performance  significantly  compared  to  two-dimensional  viewing.  One  point  oftoi  overiotdxd 
is  that  dqnh  cues  provided  by  stereo  displays  are  not  the  functional  equivalent  of  binocular  vision.  It  is 
possible  that  stereo  visi<»  may  evoi  degrade  performance,  eqredally  if  the  optical  system  is  IXK  calibrated 
or  if  it  turns  out  that  stereo  vision  causes  motion  sickness. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Distance  and  Oeaiance  Percq>tioa  Using  Forward-Looking,  Vehicular  Telemion 

Systems,  1988 

Autb(H(s);  Dwight  P.  Miller 
OBJECTIVE; 

This  experiment  was  designed  to  measure  how  well  people  perceive  the  size,  distance,  and  clearancx  of 
unknown  objects  using  video  imagery  in  an  off-road  driving  enviromnent. 

APPROACH: 

Two  video  conditions  were  tested:  color,  and  black  and  white.  Subjects  made  magnitude  jiMlgements  of  the 
separation  and  distance  of  two  vertical  ccdumns  of  unknown  height  aitd  diameter.  The  adumns  were  placed 
four  diffemt  distances  tqmt  and  video  dips  were  recorded  Cram  four  diuances.  Perceived  deaiance  was 
tested  by  having  the  subjects  indicate  if  they  draught  a  particidar  vehicle  could  be  driven  between  the 
columns.  After  making  distance  and  clearance  judgements,  subjects  were  also  asked  to  estimate  the  height 
of  the  columns. 

LESSONS  LEARNED: 

The  tests  showed  significant  differences  between  the  means  of  transformed  distance  esthnaies  for  black  and 
white,  and  color.  Distance  estimates  were  larger  in  the  color  conditioD.  The  color  condition  also  showed  a 
greater  percentage  of  errors  of  over-estimates.  Mean  height  estimates  in  the  color  condition  were 
significandy  larger  than  the  black  and  white.  The  amount  of  overesdmation  tended  to  increase  with 
distance.  These  results  may  have  considerable  impact  on  the  design  of  teleoperated  land  vehicles  for 
military  applications.  Remote  drivers,  if  over-estimating  di^ances  and  clearances,  will  get  too  close  to 
objects  betoe  cmrecting  their  route,  and  atteixq>t  to  drive  through  gaps  that  are  too  narrow.  Designers  of 
military  tetetqimated  land  vdikles  may  wish  to  more  dosely  study  die  effects  of  using  cdm-video  systems. 


APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Hae:  Evaluation  of  Foreground  Effects  cm  Video  Spatial  Percq)ii(m.  1988 

AutborCs):  Carla  U.  Smidi  and  Dwigbt  P.  Miller 

OBJECTIVE; 

This  study  evaluates  hem  weU  people  perceived  two  objects  of  unknown  size  in  three  different  terrains. 
APPROACH; 

Ten  subjects  estimated  the  size,  distance,  and  cleaiance  of  tite  two  objects  using  video  produced  by  a 
forward-looldng,  hand-held  camera.  Terrain  variations  included  a  field  of  grass,  a  barren  ccmstniction  site, 
and  a  high  desert  mesa. 

LESSONS  LEARNED: 

Results  indicated  that  subjects  typically  underestimated  distances,  and,  when  in  error  judging  clearance, 
tended  to  overestimate  the  gtqp  between  the  (Ejects.  Color  provided  a  slight  advantage  in  estimating 
clearance  over  memoefarome.  The  changes  in  terrain  proved  to  have  minimal  influence  on  judging  distances. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Evaluation  of  Vision  Systems  for  Teleoperated  Land  Vehicles.  1988 

Autbotfs):  Dwight  P.  Miller 

OBJECTIVE: 

This  paper  describes  a  pilot  study  that  cmnpares  vision  systems  that  might  be  used  to  ccmtrol  a  teie(q)erated 
land  vehicle. 

APPROACH: 

The  study  compares  three  fraward-looking  vision  systems  in  two  inodes  of  driver  interaction:  1)  actual 
remote  driving  and  2)  noninteractive  video  simulation.  Remote  driving  has  the  advantage  of  realism  but  is 
subject  to  variabiliQr  in  driving  strategies  and  can  be  hazardous  to  equ^ent  Video  simulation  provides  a 
more  ctmtrolled  environment  in  which  to  conqiare  vision-system  parameters,  but  at  the  expense  of  some 
realism. 

LESSONS  LEARNED: 

Results  demonstrate  that  relative  differences  in  performance  among  the  visual  systems  are  generally 
consistent  in  the  two  test  modes.  A  detecdononge  metric  was  found  to  be  sensitive  enough  to  demonstrate 
performance  differences  viewing  large  obstacles  using  black-and-white  and  color  vision  systems. 
Consequently,  future  experimentation,  aimed  at  optimizing  vision-system  parameters,  will  rely  to  a  gieata 
extent  on  the  more  cost-effective,  video-simulation  qqnoach. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Evaluation  of  TOV  Urethane  "Ears",  3  February  1989 

Authoifs):  C.  Metz 

OBJECTIVE: 

To  present  the  results  of  testing  to  determine  the  effectiveness  trf  urethane  "eats"  for  the  OV  system. 
APPROACH: 

Discussion  of  test  procedure,  test  results,  conclusions,  and  recommendations. 

LESSONS  LEARNED: 

Silastic  anthropomorphic  ears  have  been  used  on  tte  TOV  mobility  head  to  produce  binaural  hearing.  The 
problem  widi  these  ears  is  that  they  tear  easily,  have  to  be  glued  onto  the  mobility  bead  and  are  expensive 
to  rqtlace  (iqpproximately  $2S(Vpair).  It  was  defied  feat  ears  made  of  a  sturdier  material  wife  a  hard  mount 
be  constructed.  The  design  is  based  (m  fee  coofiguratioa  of  a  binaural  hear^feoneAnictopboae  JVC  Model 
#HM*2(X)E.  The  difference  in  average  response  times  between  the  flrst  and  second  tests  seems  to  be 
generated  by  the  fact  that  fee  subjects  were  mme  familiar  with  the  test  procedure  the  second  time  around  and 
more  ^  to  have  developed  a  technique  for  quickly  locating  fee  sound  (I  speak  firmn  experience  as  I  was 
subject  #2).  The  slower  response  times  for  locati(ML<  in  front  of  and  behind  the  vehicle  were  anticipated  as 
fee  microphone  is  shielded  by  the  ear  pena  in  these  two  positions.  I  recmnmend  that  fee  umlmie  ears  be 
used  on  fee  mobility  bead  since  fee  test  indicates  feat  they  provide  adequate  bearing  to  fee  operator.  During 
mobility  testing  of  TOV  #2  in  Hawaii  fee  urethane  ears  were  used  exclusively  and  were  vaon  than  adequate 
for  fee  purpose  of  communicating  wife  test  team  members  and  monitoring  engine  noise.  In  addition,  fee 
mobility  pan  &  tilt  assembly  was  taken  aa  and  off  fee  vehicle  and  stored  on  fee  rear  fender  multiple  times 
without  damage  to  the  ears  (it  was  during  this  procedure  feat  fee  silastic  ears  tended  to  tear).  If  high 
precision  aural  tracking  of  targets  is  requited  I  rectxnmend  that  further  testing  be  performed  to  quantitatively 
evaluate  fee  aural  characteristics  ofboth  types  of  ears.  In  addition  fee  quality  of  fee  audio  system  in  general 
will  have  to  be  tested  to  determine  if  it  is  adequate  for  precision  backing  tasks. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Vision  System  Testing  for  Tekqjerated  Vebicles,  Marcb  1989 

Autboifs):  D.  E.  McGovern  and  D.  P.  Miller 

OBJECTIVE: 

This  experiment  investigated  three  features  of  video  systems  which  are  thought  to  have  significant  impact 
on  control  of  teleoperated  vehicles.  These  are;  colcn-  video,  black  and  white  video,  and  steering-slaved 
camera  pointing  control. 

APPROACH: 

Huee  levels  of  visitm  system  quality  were  tested  under  conditions  of  remote  driving  and  video  simulation: 
1)  steering-slaved  color  CCD  camera,  2)  color  CCD  camera  fixed  to  the  vehicle  with  the  color  aimed  off  at 
the  monitor,  and  3)  fixed  CCD  camera  with  the  video  presented  in  color.  This  made  is  possible  to  cmnpare 
oohH'  to  black  and  white  with  die  same  resolutum  and  field  of  view,  and  also  fixed  camera  to  steering-slaved 
camera  amtrol  with  the  same  resolution  and  color  ctmdition.  The  tasks  of  the  subjects  were  to  detect  and 
identify  obstacles  while  the  vdiicle  traversed  a  maficed  off-road  course  and  to  watch  simulated  gauges  and 
indicate  when  the  readings  went  out  of  tolerance.  The  control  console  contained  a  center  monitor  which 
displayed  the  driving  video,  and  a  left  mrmitor  which  was  a  graiduc  display  of  gauges.  The  test  course  was 
<»e  mile  k»g  and  consisted  of  a  variety  of  naniral  terrain  and  objects  (obstacles). 

LESSONS  LEARNED: 

No  significant  difierences  in  identification  of  objects  were  found  among  the  six  experimental  conditimis. 
Detection-range  perfimnance  varied  greatly  across  obstacles  with  variability  across  subjects.  A  color 
advantage  of  nine  feet  (out  of  60  feet)  on  detecting  obstacles  was  statistically  significant  when  die  data  fiom 
both  color  conditions  were  combined.  Data  fiom  the  questionnaire  was  generally  consistent  in  diat  subjects 
in  both  the  simulation  and  driving  conditions  gave  higher  subjective  ratings  for  color.  Subjects 
recommended  that  sound  be  added  to  help  convey  information  on  vehkmlar  status.  No  advantage  was  found 
for  rieering-slaved  cameras.  There  was  a  slight  advantage  of  color  in  the  petcqmial  idoitificatitm  of  objects 
at  far  distances,  but  it  was  not  ugnlficant  Subjects  have  a  strong  preference  to  color  which  may  cause  it 
to  be  psychologically  important 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  lUeEffea  of  0)k>raiul  Texture  (tfFartgrouDdoD  Size  and  DisuoicePeFceptiODUsisg 

Video  Systems  for  Teleoperated  Vehicles,  July  1989 

Autbor(s):  C.  U.  Smith  and  D.  P.  Miller 

OBJECTIVE; 

Hiis  experiment  was  designed  to  resolve  performance  differences  found  in  an  earlier  experiment  (S  AND88- 
1958)  by  exploring  the  effects  of  foreground  texture  and  color  on  estimating  disianoes.  Two  hypodtesis 
wetetested:  1)  Color  enhances  the  visual  texture  of  the  tenain,  giving  the  images  mote  rn»i^<^6pth,  and 
2)  Tbe  pietknninate  foreground  color  (green)  cmised  the  scene  to  appear  farther  away  because  short  wave¬ 
length  light  is  subjected  to  more  deviation  by  refraction  in  the  eye  than  longer  wavelengths. 

APPROACH: 

Subjects  made  judgements  of  the  separation  and  distance  of  two  white  vertical  colnmns  of  unknown  height 
and  diameter  just  as  in  the  earlier  oqierimenL  The  columns  were  video  taped  on  three  difEerent  temiits: 
green  grass,  brown  sand,  and  mixed  green  and  brown  mesa.  Badcgrounds  and  lighting  cooditioos  were  all 
siinilar.  Video  tapes  were  recorded  «  four  distances.  Two  separation  distances  were  used  for  the  dearance 
judgements.  Each  subject  e:q)erienced  all  terrains  and  distances  in  both  color  and  black  and  white.  After 
running  all  video  conditions,  subjects  made  four  direct-visioo  Oiamnert  estimates  and  ctriumn  height  and 
diameter  estimates  outside  in  the  mesa  terrain. 

LESSONS  LEARNED: 

The  response  variability  was  large  among  subjects  and  they  tended  to  underestimue  actual  distaaces. 
Estimates  for  mesa  terrain  were  about  four  percent  higher  tium  sand  or  grass.  Cdor,  unlftce  in  the  previous 
study,  was  not  a  significant  factor  influencing  distance  estimates.  Statistical  tests  showed  that  none  ot  die 
experhneatal  factors  had  a  significant  efiecttm  tile  percentage  of  correct  distaDce  estimates.  Subjects  tended 
to  underestimate  the  field  distances.  The  overall  letiain  did  not  have  a  consukrable  effea  on  dearance 
judgements.  The  percent  oi  incorrect  judgements  was  consideraMy  lower  for  cttior  than  Uadc  wd  adiiie 
under  grass  conditions  and  mesa,  but  not  for  sand.  The  results  inrticate  that  changes  iu  die  texture  ttf  tbe 
foreground  do  not  radically  alter  the  percqaion  of  (Ssumce.  Seeiog  the  results  of  the  task  being  performed, 
the  argument  for  using  color  in  off-road  remote  driving  video  systems  camot  be  strongly  twppwwd, 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


DEFERENCE: 

Title;  TOV  #2  Navigator  Calibraticm.  10  August  1989 

AuttKH<s);  A.  Y.  Umeda 

OBJECTIVE: 

To  present  a  discussion  on  the  installation  and  calibnuion  of  the  Magnavox  MX6102B  Terrain  Navigation 
Aid(TNS)forTOV#l 

APPROACH: 

Discusskm  of  software  upgrade,  flux  gate  ctanpass,  calilaatioD,  tests,  and  results. 

LESSONS  LEARNED: 

Tests  conducted  on  3  August  89  show  that  the  Magnavox  MX6102B  TNS  can  be  used  ta  provide  useful 
information  to  the  TOV  operator  if  prcqjeriy  calibrated.  During  the  course  of  two  runs  through  several 
chedqmints  and  a  combined  distance  in  excess  of  10  kzn,  the  TOV  TNS  provided  data  with  enors  varying 
from  0.5%  to  3%  ctf  distance  travelled.  This  is  sqf^ximately  equivalent  to  the  advertised  qpedficaii'  It 
is  diflicult  to  determine  what  the  actual  error  is  because  the  calculation  of  error  must  be  based  on  a  known 
reference.  UTM  nups  available  for  this  and  most  areas  are  scaled  1:25000  resulting  in  map  reading 
difficulties.  Mq)  reading  enors  are  probably  in  the  10'20  meters  range.  Although  a  comparison  is  m«<t^ 
between  the  TOV  navigator  and  the  Magnavox  van  navigator,  there  seems  to  be  a  cooflict  of  intoest 
involved  when  the  reference  navigator  is  of  the  same  type  as  the  tested  navigator.  However,  the  Magnavm 
navigator  is  augmented  by  a  supposedly  accurate  GPS  navigator  and  I  tend  to  have  more  confidence  in  this 
reading  than  on  a  reading  off  a  map.  Mr.  Wanous  gave  me  an  estimate  of  the  co^  involved  with  providing 
direct  UTM  data  through  the  RS-422  serial  port  This  sttftware  upgrade  would  also  allow  position  diange 
inputs  through  the  serial  port  Quoted  cost  for  this  upgrade  ts  $39,000.00.  h4br.  ^^i^anous  is  also 
anticipating  a  new  navigation  product  which  combines  MX6102B  TNS  features  with  a  GPS  receiver.  Hiis 
laodua  provides  GPS  updmes  when  they  are  available  and  TNS  type  updates  otherwise.  Cost  when 
introduced  should  be  significantly  less  than  the  MX61(KLB.  GPS  systems  can  also  be  used  in  differential 
mode  with  accuracy  as  good  as  4/*  2  meters,  regardless  of  military  lockout  code  implementatiao. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Stereo  Vision  Driving  Trial,  30  October  1989 

Autbor(s):  Dr.  C.  P.  Bladcman 

OBJECTIVE; 

To  ptesott  ibe  results  of  a  driving  trial  to  investigate  the  use  of  stereo  vision  for  remote  driving. 
APPROACH: 

The  first  part  of  the  trial  consisted  of  driving  around  the  main  part  of  the  test  track.  Subsequently  the 
vehicle  was  driven  through  a  "slalom  course"  on  the  strai^t  and  level.  Seven  differem  drivers  were  used. 

LESSONS  LEARNED: 

For  normal  driving  (two  different  drivers)  the  stereo  di^Iay  was  perfectly  but  the  petfonnanoe  was 

no  better  than  with  ordinary  video  pictures.  This  was.  of  course,  the  expected  result  given  that  normal 
human  stereo  viskm  is  not  thought  to  play  a  significant  role  in  driving.  In  terms  of  qwed.  positioning,  tmd 
number  of  posts  hit,  there  was  no  significant  differmce  between  normal  and  stereo  vision.  Interestingty 
almost  all  the  drivers  teportei  that  stereo  visitm  "felt  more  comfortable"  than  normal  video,  but  they  were 
not  able  to  be  more  specific.  The  limited  trials  diat  time  permitted  are  clearly  not  a  definitive  study  (ff  the 
effect  of  stereo  vision  cm  remote  or  in^rect  driving.  Any  such  experiment  would  pay  close  attention  to 
learning  factors  and  optimum  camera  position,  neither  of  whidi  were  pursued  here.  Nonetheless  it  does 
seem  fairly  clear  tlm  no  dramatic  improvements  over  nonnal  video  driving  are  probable  were  a  simeo 
system  to  be  used.  The  place  for  stereo  vision  appears  to  be  in  short  range  missions  for  wdiich  fibre  optic 
communications  are  possible  and  where  fine  control  either  of  the  vehicle  or  of  its  payload  is  required. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TOV  Steieosa^c  Video  Systan  Alignment  Procedure,  8  Novonber  1989 

Autbot<s);  Stephen  W.  Martin 

OBJECTIVE: 

Hie  following  procedure  is  to  be  used  to  align  the  stereoscopic  video  system  of  the  TOV.  This  includes  the 
two  septate  stereoscopic  subsystems;  the  video  camera  pair,  and  the  HMD.  The  procedure  is  qieciftc  to  the 
TOV  system,  but  may  be  generalized  to  many  stereoscopic  video  systems  which  utilize  parallel  optics 
helmet  mounted  displays.  Alignment  procedures  for  flat  panel  stereoscopic  systems  differ  in  several  regards. 

APPROACH: 

The  camera  alignment  consists  of  two  components,  first  setting  up  the  camera/lens  combination 
individually  in  the  laboratory.  The  camera/lens  setup  is  done  to  match  the  camera’s  light  levels,  age  lo(^ 
and  gemnetries  (geometric  setup  not  required  for  solid  state  cameras,  but  a  major  setup  problem  with  tube 
type  cameras).  The  second  part  of  aligning  the  cameras  consists  of  properiy  doing  the  physical  alignment 
for  die  two  cameras  as  a  stereoscopic  pair.  The  goal  is  to  align  the  two  video  cameras  on  parallel  optical 
axis,  that  is  to  set  die  stereoscopic  window  to  infinity.  The  procedure  basically  uses  a  video  target  and 
electronic  video  fiame^ld  sequential  video  switch  box.  The  cameras  must  be  genkxked  precisely  such  that 
both  line  one  scans  start  simultaneously.  By  viewing  the  video  ouqmt  from  the  frame  sequential  unit,  one 
may  adjust  the  cameras  such  that  the  images  have  no  rdttive  roll  or  jntdi  and  they  are  parallel. 

LESSONS  LEARNED: 

Reverse  video  is  often  times  not  noted  by  even  experienced  users  of  stereoscopic  diqilays,  while  some  users 
can  not  even  fuse  the  reverse  stereo.  The  best  method  for  checking  that  die  stereo  is  not  reversed  is  putting 
an  obstruction  (hand,  piece  of  t^,  etc)  in  the  field  of  view  of  only  one  camera  and  making  sure  the 
COTresponding  monocular  display  video  is  die  one  adiidi  shows  the  obstruction.  This  should  be  done 
routinely  with  the  TOV  system  as  not  only  physical  cables,  but  software,  can  anise  stoeo  reversal.  Be 
aware  that  items  very  close  to  the  video  cameras  may  have  to  much  disparity  to  comfortably  fuse  the 
images  in  the  HMD.  This  should  not  be  a  problem  if  the  video  cameras  have  an  intetocular  sqiaration  of 
the  optical  axis  of  66  mm  •¥/•  1  mm,  but  is  this  separation  is  larger  (eg.  as  of  11/89  the  TX)V  #2  cam«as 
are  at  around  7S  mm  sqiaration)  some  peqile  may  have  difficulty  in  fusing  objecu  such  as  the  TOV 
gearshift  lever,  steering  wheel,  etc. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


REFERENCE  PAPER  SUMMARY 


REFEKENCE: 

Title:  A  Simulated  Test  of  the  Effects  of  Image  Jitter  on  Teleopeiat^  Driving,  1989 

Autboifs):  Robert  E.  Cole,  Edward  H.  Spain,  Daniel  Iki  and  S.  Takata 

OBJECTIVE; 

To  investigate  the  effects  of  vertically  oscillating  TV  images  (Jitter)  on  obstacle  detection. 

APPROACH: 

Twenty  college  students  were  used  in  each  of  three  studies.  In  Experiments  1  and  2  drivers  viewed 
symmetrical  patterns  of  images  jittering  at  various  combinatmns  of  fiequencies  and  amplitudes  recorded  at  2 
vehicle  speeds.  In  Experiment  3  drivers  saw  asymmetrical  jitter  patterns. 

LESSONS  LEARNED: 

Detectiai  times  increased  in  proportitn  to  fiequoicy  with  a  greater  rate  of  change  at  higher  amplitudes  and 
vehicle  speeds.  Symmetrical  jitter  can  severely  degrade  remote  driving  performance  by  reducing  the  driver's 
ability  to  detect  (Stacies,  and  by  increasing  fatigue,  eye  strain  and  motion  sickness.  Scaled  visual 
disturbance  scores  also  increased  with  frequency  and  amplitude  of  oscillatiai  but  not  with  vehicle  qteed. 
Asymntetrical  patterns  do  not  qspear  to  increase  eidter  dMecdon  time  or  amount  of  visual  disturbance. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  CALEB  Steieoscopic  Di^lay  Variants,  9  January  1990 

Autlior(s):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  information  on  stmeosccqnc  display  systems. 

APPROACH: 

Discussion  of  advantages,  time  sequential  stereosctqnc  displays,  bead  mounted  stereoscopic  displays,  and 
stereoscopic  alignment  consideraiions. 

LESSONS  LEARNED: 

The  volume,  weight  and  power  consumption  of  the  stereoscopic  display  are  comparable  to  a  non* 
stereoscopic  di^lay.  The  steieoscopic  disj^y  also  jsovides  a  degree  of  redundancy  built  into  the  system. 
While  it  has  been  demonstrated  that  stereosctqric  vision  offers  no  significant  advantages  to  monoscopic 
vision  in  the  case  of  simple,  uncluttered  views,  inqaoved  operator  perftmnance  has  been  obtained  for  more 
rigmous  driving  situations.  The  most  prmicninced  improvements  firmn  stereo  are  in  the  case  of  unfamiliar, 
visually  cluttered,  and  generally  degraded  images.  This  would  be  analogous  to  off  road,  terrain  driving  as 
opposed  to  highway  driving.  Stereo  provides  visual  cues  whidlt  are  useful  in  judging  relative  distances  and 
orientation  of  objects  and  terrain  surface  features.  Head  coupling  the  vision  system  provides  a  kinesth«ic 
orientation  of  the  vision  system  to  the  operator,  which  is  beneficial  in  he^g  propeiiy  orient  the  operator 
to  the  remote  environment  Alignment  and  adjusunent  of  a  functional  stereoscopic  system  must  be  nuyy  at 
both  the  sensor  and  display  ends  to  provide  a  properly  matched  pair  of  images  for  the  qreiatcv.  Mismatched 
images  result  in  eye  strain  and  fatigue  with  time  which  leads  to  .simulator  sickness  type  effects.  Ctmtrary 
to  pcqiular  belief,  a  properly  designed  steieoscopic  display  system,  with  the  annopriate  procedures,  can  be 
set  up  and  operated  with  minimal  ’’tweaking".  Experience  with  the  UGV  TOV  development  and  tests  have 
not  revealed  any  realignment  proUems  once  the  syuem  is  aligned  and  secured. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Human  Faaor  Recommetidaiions  for  the  Proposed  CALEB  Vehicle,  25  January  1990 

Authcnfs):  S.  Schipani 

OBJECTIVE: 

To  presmit  infonnatkm  concerning  human  factors  issues  related  to  the  Caleb  vehicle. 

APPROACH: 

Discusskm  of  color  vs.  black  and  white;  steering  slaved  cameras;  zoom,  pan,  and  tilt  feamred  canwras;  field- 
of-view  (FOV),  stereovision,  depth  perception,  overlays,  pedal  controls,  steering  controls,  kinesthetic 
feedback,  and  .simiilatof  sidmess. 

LESSONS  LEARNED: 

Advantages  of  ookn:  over  blade  and  white  were  found  to  be  significant  (at  S  to  20  feet)  for  obstacle  detectiao 
(McCjovem  &  Miller,  1989).  The  benefits  of  using  color  are  seen  to  be  somewhat  less  significant  when 
weather  conditions  (rain,  bright  sunlight)  or  terrain  (flat,  desert  type)  vary.  However,  the  use  of  color  has 
^ipeared  to  cause  drivers  to  overestimate  the  size  of  obstacles.  (Sood  or  bad.  subjects  have  consistently 
stated  that  they  prefer  using  color.  Zotxn  features  are  required  for  obstacle  detection.  No  significant 
difference  m  operating  function  was  realized  when  comparing  the  use  of  a  fixed  camera  venus  a  steering 
slaved  camera  on  a  ie]eq)erated  vdiide  (McGovern  &  Miller,  1989).  Larger  fieU-of-views  (FOV)  proved 
significantly  better  for  all  forms  of  driving.  However,  to  give  too  large  a  scene  to  the  operator  indutxs 
simulator  sickness.  Monitor  size  that  omform  to  the  above  is  qrproximately  13  inches  (though  successful 
driving  has  been  accomplished  when  using  a  monitor  size  of  9  inches  measured  diagonally.  It  is  generally 
reemnmended  that  42  degrees  FOV  horizontal  by  300  bmizontal  TV  lines  of  resoluticni  (at  a  minimum)  be 
used.  Stereovision  was  found  to  improve  petfmmance  significantly  (Silverman,  1982),  but  only  at  short 
distances.  The  use  ttf  stereovision  should  improve  vehicle  handling  over  negative  obstacles.  Scene 
minification  has  been  shown  to  negatively  effect  vehicle  operation  and  obstacle  detection.  It  is 
rectmunended  that  scene  magnification  of  iq^ximately  25  percent  be  used  to  help  alleviate  this  problem. 
However,  caution  should  be  taken  to  not  attempt  a  panoramic  view  when  driving,  as  simulator  sidmess 
bectnnes  evident  under  these  conditions.  Observers  have  noticed  increased  reaction  time  and  errors  wtoi 
subjects  used  a  joystick  for  both  acceletmion  and  braking.  Whenever  possible,  at  least  two  motion  cues 
should  be  presented  to  the  (operator.  These  may  be  uidio,  visual  or  a  combination  of  the  two. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Repnt  -  SPIE  Conference/NPGS  Monterey,  20  February  1990 

Autbor(s):  Hugh  SiKdn 

OBJECTIVE: 

This  memo  documents  my  attendance  and  panicipaticMi  in  the  Stereoscopic  Displays  and  Applications 
Conference  which  was  part  of  the  1990  SPEE/SPSE  Symposium  on  Electronic  Imaging  held  in  Santa 
Clara,  CA  on  1 1-14  February  1990.  It  furtha  documents  a  one-day  visit  to  Dr.  Morris  Driels  and  others  at 
the  Naval  Postgraduate  Sdiool  in  Monterey,  CA  cm  IS  February  1990. 

APPROACH: 

Discussion  of  Monday's  Session,  Tuesday's  Sessions.  Wednesday's  Sessitm,  Wednesday's  Demo  Session, 
the  visit  with  Dr.  Morris  Driels  of  NPGS,  and  the  visit  with  Drs.  McGhee,  Cristo,  and  Kwak  of  NPGS. 

LESSONS  LEARNED: 

Stereppsis,  relative  motion,  and  inteiposition  wore  found  to  be  the  dmninant  cues  to  depth  in  televised 
scenes.  Genetally,  when  more  cues  are  present  in  a  scene,  a  pnportioiiately  more  salient  sense  of  de|^  is 
conveyed.  InclusitKi  of  telarive  size,  luminance,  and  inteipositkHi  cues  produced  significantly  faster  depth 
judgements.  However,  stereopsis  didn't  result  in  significant  response  time  effects  though  stereo  ditplays  did 
improve  ratings  of  subjective  image  quality.  Test  results  showed  that  transitioning  fircnn  a  stereo  display  to 
direct  view  has  no  more  effea  on  direa  view  stereoacuity  than  transitioning  firom  a  non-stereo  display. 
Peter  Schweiller  described  stereo  video  systems  devised  to  date  for  use  by  the  British  nuclear  industries.  Of 
particular  interest  was  a  stereo  camera  system  that  they  have  built  which  uses  lateral  Iras  sqiaration  instead 
of  camera  tow-in  to  achieve  stereosctpic  convergence.  Diough  this  is  not  a  new  ccmcqn  and  it  is  known  to 
eliminate  veiticai  disparitks  which  are  antithetical  to  comfortable  viewing,  this  is  the  first  instance  to  date 
in  which  the  technique  has  been  successfully  implemented  on  video.  Bob  Cole  presented  results  from  an 
extensive  set  of  studies  comparing  stereo  and  moQO  viewing  for  tasks  designed  to  minimiye  non-disparity 
dqMhcues.  Adrauledrqxntofhisfmdingsisonfile. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Expefiences  and  Results  in  TeleopeiatiaD  of  Land  Vebides,  ^iril  1990 

Autboifs):  Douglas  E.  McGovern 

OBJECTIVE: 

To  discuss  esperimental  Ondings  and  tbe  results  of  accumulated  (^Ktatkxial  experieDoe. 

APPROACH: 

Tbis  paper  attempts  to  expand  tlie  teleoperation  data  base  tbiougb  a  presentation  of  scxne  of  tbe  results  of 
experimentation  in  teleoperatkm  at  Sandia  Natioiial  Laboratories  and  tbrougb  discussioo  of  tbe  observatioiis 
of  SNL  personnel  gathered  over  several  years  of  tcleoperatioD  experience. 

LESSONS  LEARNED: 

All  of  the  accidents  involving  teleoperatioo  (inside-out  control)  have  been  rollovers.  It  was  found  tbai 
otqect  and  obstacle  detection  were  not  sensitive  to  camera  differences.  This  did  not  support  tbe  initial 
hypothesis  that  color  video  and  steering  slaved  camera  control  would  result  in  siqterior  opermioa.  Objects 
were  detected  as  well  with  a  fixed,  B/W  camera.  Range  data  were  sensitive  to  camera  differences.  When 
objects  were  detected,  they  were  detected  at  a  greater  range  when  color  was  used.  (Ttdor  provided  a  fairly 
consistent  5  to  20  foot  range  advantage  when  compared  to  B/W  video.  Size  and  distance  estimation 
I»oduced  inconsisient  results.  One  study  indicaied  that  subjects  using  color  video  consistently  judged  the 
size  and  spacing  of  obstacles  to  be  huger  than  subjects  using  B/W  video.  A  foUow-cn  study  was  oondiKted 
to  investigate  foreground  texuac  effects  on  these  size/distance  judgement  errors.  In  this  study,  color  was 
not  found  to  be  an  influential  factor  in  estimating  distance.  Subjective  assessments  and  tete(^>eratk»  test 
data  suggest  tbe  possibility  of  reducing  video  bandwidth  to  about  500  kHz.  It  is  very  difficult  to  operate  a 
vehicle  in  restricted  space  widi  a  natrow  field-of-view.  High  lesolutioo  does  appear  to  be  ioqxutant  wtan 
many  sizes  and  types  oS  obstacles  are  present  and  for  qjeration  off-road  where  identificatkxi  of  best  path  is 
inqxmant.  Work  with  television  surveillance  systems  has  indicated  that  the  increased  resdutioo  possible 
with  B/W  equipment  is  much  more  important  dian  any  additional  infomation  contained  in  tbe  cokxr  signal. 
This  does  not  ^tpear  true  fa  teleoperation.  Color  is  also  rated  as  very  highly  desirable  in  all  subjective 
preferences.  Experimentatkm  has  not  suppwted  a  quantitative  differenoe  in  obstacle  detection  between  B/W 
and  color  video.  Negative  obstacles  create  difficulty  in  that  operators  can  not  distinguish  them  from  other 
terrain  features  whidi  did  not  affect  vdiicle  travel. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Naval  Ocean  Systems  Center  Advanced  Systems  Divisicm  Support  for  TUGV/Cald) 

Operator  Control  Unit  Trade-Off  Studies.  7  May  1990 

Autboifs):  }.  L.  Fuqua 

OBJECTIVE; 

To  provide  supporting  informatkm  for  the  OCU  Trade-Off  Determinatiao  Studies. 

APPROACH: 

Discussion  on  Caleb  Stereoscopic  Display  Variants,  the  AROD  Controller,  and  TOD  for  the  OCU  of  the 
Caleb  UGV- Draft  2". 

lessons  LEARNED: 

While  it  has  been  demonstrated  that  stereoscqpic  vision  offers  no  significant  advantages  to  monosoopic 
vision  in  the  case  of  ample,  uncluttered  views,  improved  operatc’^  t%rfonnanoe  has  been  obtained  for  more 
rigorous  driving  situations.  The  most  pronounced  improvements  from  stereo  are  in  the  case  of  unfamiliar, 
visually  cluttered,  and  generally  degraded  images.  This  would  be  analogous  to  off  road,  terrain  driving  as 
opposed  to  highway  driving.  Stereo  provides  visual  cues  which  are  nseftil  in  judging  relative  distances  md 
orientation  of  objects  and  terrain  surface  features.  Head  coiq[>Iing  the  vision  system  provides  a  kinesthetic 
orientatitm  of  the  vision  system  to  the  operator,  whi<±  is  beneficial  in  be^g  prt^terly  orient  the  operator 
to  the  remote  environment.  Experience  with  the  UGV  TOV  develoianent  and  tests  have  not  revealed  any 
realignment  problems  once  the  system  is  aligned  and  secured.  The  volume,  weight,  and  power 
consumpticm  of  the  stereoscopic  display  are  comparable  to  a  non-stereoscopic  di^lay.  The  stereosoqric 
display  also  provides  a  degree  of  redundancy  built  into  the  system.  Mismatched  inures  result  in  eye  strain 
and  fatigue  with  time  which  leads  to  simuiator  siclcness  type  effects. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  A  Novel.  Low-Cost  Stabilized  Driver  Module  for  TUGV  A{q>lications,  November  1990 

AutlxMf  s):  Maicelo  C.  Algrain 

OBJECTIVE: 

This  paper  presents  an  analysis  of  the  image  stabilization  problem  as  it  relates  to  road  surface  quality  and 
vehicle  speed  and  establishes  the  importance  of  image  stabilization  as  a  critical  factor  to  achieving  the 
TUGV's  full  battlefield  potential. 

APPROACH: 

The  new  technique  uses  an  arrangement  of  low-oost  miniature  linear  accelerometen  (instead  of  gyros)  to 
infer  angular  motion.  These  are  used  to  generate  the  gimbal  counterrotations  required  to  reject  the 
undesirable  angular  vibrations  associated  with  the  types  of  terrain  encountered  during  (m  and  off-road 
(^leratitHis.  This  technique  retains  the  motion  related  to  vehicle  tfynamics,  if  desired,  providing  a  ”feel  for 
the  road”  and  enhancing  safety  of  cqieratioo. 

LESSONS  LEARNED: 

In  the  case  of  imaging  sensors,  stabilization  is  essential  for  maintaining  the  detection  and  lecognitiofi 
ranges.  A  widely  accepted  standard  is  to  specify  iine-of-sigbt  stabilizatioD  levels  (LOS  jitter)  below  20 
percent  of  the  sensor  resolution  to  keep  the  degradation  in  detectitm  and  recognition  ranges  to  less  than  S 
percent.  Using  the  horizontal  resolution  as  the  critical  dimension,  the  recommended  stabilization 
requiretnent  for  the  mt^nlity  unit  becomes  0.02°  (3S0  |itad).  The  expected  tins  jitter  at  the  vehicle  body  is 
2.2°  in  pitch  and  3.4°  in  toll.  The  expected  jitter  is  more  than  two  orders  of  magnitude  larger  than  the 
maximum  allowable  to  preserve  image  quality  for  driver  unit  sensors.  This  clearly  indicates  the  need  f<n 
active  stabdization  to  retain  image  resolution  in  spite  of  the  relatively  large  WFOV  of  the  TV's  in  the 
driver/mobiUty  unit.  Further  benefits  of  a  stabilized  image  are  reduced  operator  fatigue  over  the  longer 
driving  periods,  and  miniioized  susceptibility  to  motion  sickness. 


APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  TOV  Mobility  Sensor  -  Night  Vision  Sensor,  7  November  1990 

AutborCs):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  provide  the  TOV  with  mobility  sensor  upgrades  which  permit  night  operadons. 

APPROACH: 

A  pair  of  intensified  solid  state  cameras  will  be  integrated  in  a  stereo  configuration  and  be  provided  as  a 
direct  replaconent  to  existing  Mobility  Sensor  units. 

LESSONS  LEARNED: 

Stereo  configuration  is  recommended  so  that  performance  cotxqiarisons  can  be  made  between  existing 
Mobility  Sensor  units  and  the  upgraded  day/ni^t  system.  It  is  further  reemnmended  that  the  larger  25  mm 
format  be  used  to  obtain  the  best  possible  image  under  the  degraded  light  conditions  as  well  as  during 
daylight  conditions.  These  cameras  are  intended  to  be  operable  during  day  and  night  lighting  condiumis 
without  adjustment  or  rqilacement  of  the  equifunent  Automatic  iris  and  electronic  means  will  be  used 
within  the  cameras  to  compensate  for  the  severe  lighting  oavironinent.  Color  is  not  rectHnnKnded  »nce 
TOV  is  not  equipped  to  display  color  in  the  HMD  and  because  of  the  relative  immaturity  of  the  product 
(high  cost,  less  robust  design). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  High  Resolution  Stereoscopic  Color  TV  System,  8  November  1990 

Autb(n<s):  Benibard  A.  Hjonzberg 

OBJECTIVE: 

To  provide  a  descriptioD  of  a  high  resolution  stereoscopic  colm-  TV  system. 

APPROACH: 

Discussion  of  electrical  and  optical  specifications  of  the  high  resolution  stereoscopic  color  camera  and  the 
high  resolution  stereoscqiic  color  display. 

LESSONS  LEARNED: 

The  stereo  camera  uses  a  new  CCD  firom  Texas  Instruments  "IX^l?"  which  senses  1 134  pixels  per  line  and 
972  lines.  A  sister  chip,  the  TC216,  is  electrically  identical  to  the  217  and  has  color  str^ied  filters.  This 
system  is  compatible  with  dual  camera  monochrane  stereo  systems  used  with  HMD.  Only  a  single  lens 
and  autoiris  is  used  whidi  eliminates  tracking  problems.  The  getnnetiy  accuracy  of  CCDs  allows  the  use  of 
dual  sensors  driven  by  a  common  timer.  The  left,  right  image  beams  are  multiplexed  for  the  use  of  a  single 
focusing  lens.  The  stereo  coltn^  display  omsists  of  a  high  resolution  color  monitor  with  a  liquid  crystal 
shutter,  viewed  through  polarized  glasses.  The  stereosct^c  image  is  viewed  through  fixed  ordiogcmally 
polarized,  neutral  grey,  glasses.  High  resolutitm  1023  pixels  by  972  lines  image.  Color  stereo  di^lay 
compatible  with  tnonochrcHne  HMD.  Viewer  not  electrically  connected  to  the  display.  Several  persons  can 
view  the  stereoscopic  color  display  simultaneously  in  addition  to  the  person  viewing  the  HMD 
monochrome  image.  Viewer  head  location  not  critical. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yb 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Issues  in  MobUe  Robotics:  Hie  Unmanned  Ground  Vehicle  I^ogram  Teleopeiated 

Vehicle  (TOV),  8  -  9  November  1990 

Authors):  W.  A.  Aviles,  T.  W.  Hughes,  H.  R.  Everett,  A.  Y.  Umeda,  S.  W.  Martin.  A.  H. 

Koyamatsu,  M.  R.  Soloizano,  R.  T.  Laird,  and  S.  P.  McArthur 

OBJECTIVE; 

To  examine  the  key  system  and  supporting  technology  issues  associated  with  the  design  and  develoimient  of 
effective  general-purpose  unmanned  mobile  robots  for  operation  in  unstructured  outdoor  environments 
within  the  context  of  an  advanced  telerobodc  mobile  system  developed  by  the  Naval  Ocean  Systons  Center 
(NOSC)  ~  The  Unmanned  Ground  Vehicle  Pnogram  Telet^oated  Vehicle  (TOV). 

APPROACH: 

Discussion  of  the  TOV  system  architecture.  TOV  high-level  robotic  control  architecture,  ctoice  for  the 
te:<v;tc  ''ebicle,  control  shelter  and  control  stations,  remote  vehicle/oonirol  stadoo  communication  system, 
nussion  modules,  acoomidishments,  and  lessons  learned. 

LESSONS  LEARNED: 

Mobility  cameras  are  monochrome,  provide  S2S  TV  lines  of  horizontal  resolution  over  a  40  degree 
horizontal  fleld  of  view,  and  have  auto-irises  with  the  ability  to  handle  illumination  conditions  from  dusk  to 
full  daylight  (1  •  20000  lux).  The  audio  feedback  system  has  a  response  from  SO  hz  to  12000  hz  and  a 
dynamic  range  of  146  dB.  The  navigation  system  uses  SATNAV  navigatkm  satelliies  for  positim  updates 
and  perfcmns  dead  redconing  in  between  satellite  fixes  utilizing  a  fluxgate  cmrqrass  and  a  wheel  sensor. 
SATNAV  accuracy  is  •»■/-  200  meters  and  dead  reckoning  accuracy  is  2%  of  distance  traveled.  This  systen 
is  directly  uppadeable  to  a  10  meter  accurate,  1  second  update  GPS  padcage.  The  TOV  uses  a  stereoscopic 
bead  mounted  display  (HMD)  system.  The  vision  system  is  designed  so  that  the  operator  sees  a  virtiial 
image  of  the  environment  with  a  1:1  perspective.  The  apparent  angular  subtense  of  remote  objects  appears 
the  same  as  if  the  operator's  eyes  were  actually  at  the  remote  camera’s  locatitm.  TOV  system  operators  had 
difficulty  perceiving  the  orientation  of  the  remote  vehicle.  Another  ammoa  complaint  of  TOV  system 
operators  is  the  inability  of  knowing  where  the  vehicle  is  located  in  relation  to  its  desired  goal  or 
intermediate  navigational  way-points  (i.e.  they  get  lost  easy). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Navigation  and  Retro-Traverse  on  the  RT  Vetiicle.  IS  January  1991 

AotliorCs):  Karl  Murpfay 

OBJECTIVE: 

This  paper  discusses  the  navigation  systems  and  the  control  algorithms  used  for  retro-traverse 
APPROACH: 

Two  navigation  systems  were  investigated,  the  Modular  Azimuth  and  PosidtMiing  System,  MAPS,  and  the 
Radio  Frequency  Navigation  Grid,  RFNG.  MAPS  is  an  inertial  navigation/dead  reckoning  system  while 
RFNG  is  a  global  positioning  system  that  uses  radio  beacons  placed  at  corners  of  the  test  site. 

LESSONS  LEARNED: 

Several  steering  algarithms  were  used  and  CMlTs  pure  pursuit  algorithm  was  found  to  be  the  best  by  far 
and  was  stable  at  speeds  of  40  mph.  MAPS  position  estimate  drifts  at  a  rate  slightly  more  than  0.1%  of 
distance  traveled,  as  determined  by  driving  the  vehicle  around  closed  paths  of  various  lengths  and  renirning 
to  the  starting  position.  If  the  operator  drives  the  vehicle  500  meters  out  and  the  vehicle  back  500  meters, 
the  MAPS  will  have  drifted  1  meter.  Any  path  following  errors  will  be  added  to  that.  The  MAPS'  accuracy 
is  2%  of  distance  from  the  start  point.  This  was  determined  by  driving  the  vehicle  to  several  surveyed 
locations  and  comparing  the  surveyed  data  with  the  MAPS  data.  This  error  occurs  mainly  becmise  the 
assumed  ratio  of  distance  traveled  to  odmneter  pulses  is  too  small  and  hence  the  MAPS  repcHts  that  the 
vehicle  has  traveled  a  shorter  distance  than  it  actually  has.  RFNG  uses  radio  pulses  from  beacons  and  using 
triangulation,  computes  its  position.  RFNG  does  not  drift,  has  an  estimated  repeatability  of  0.1  meters, 
and  can  be  used  by  multiple  vehides.  Unfortunately,  the  RR4G  hardware  is  very  temperamental  and  was 
inoperable  nune  times  than  not.  We  therefore  do  not  yet  know  its  actual  capabilities.  Look  ahead  distance 
is  selected  according  to  vehicle  speed.  If  the  hxdt  ahead  distance  is  too  large,  the  vehicte  will  cut  comers.  If 
the  distance  is  too  small,  the  controller  will  be  unstable  especially  at  higher  speeds.  We  used  6  meters  for 
speeds  up  to  15  mph  and  12  nmters  for  speeds  iq)  to  40  mph. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Objective  Assessments  of  Mobility  ^tb  an  Eaiiy  Unmanned  Ground  Vebide  (UGV) 

Prototype  Viewing  System,  6-8  March  1991 

Autboifs):  Edward  H.  Spain 

OBJECTIVE: 

This  report  describes  the  procedures  and  specific  tasks  used  in  making  comparisons  across  the  4  viewing 
system  optitms  that  were  compared:  1)  direct  view,  2)  direct  view  40b  by  30r.  3)  monoscopic  belma- 
mmmted  display  (HMD),  and  4)  stBieoscq;)ic  HMD. 

APPROACH: 

Testing  was  conducted  with  two  groups  of  drivers;  1}  an  "expertenced”  group  who  were  well  practiced  oa 
courses  run  and  tested  with  each  of  four  alternate  viewing  system  t^ons,  and  2)  an  "inexperienced"  group 
who  were  unfamiliar  with  courses  and  tested  with  a  single  mobility  sensor  system  qition  on  a  one-time 
basis.  Specific  results  in  terms  of  relative  driving  efficiencies  on  6  driving  courses  are  reported  and 
discussed  with  respea  to  their  general  implicmions  for  design  of  the  man-machine  intoface  for  safe  md 
efSdent  driving  of  UGVs  in  the  tdeoperated  mode. 

LESSONS  LEARNED: 

Driving  time  under  the  direct  view  tquitKis  was  q;)proximately  15%  faster  than  driving  rime  under  video 
view  options.  The  analysis  suggests  that  if  sufficient  image  resolution,  ctmtrast,  color,  head  motitm 
couiding,  and  accurate  feedbadk  of  vehicle  dynamics  are  provided  to  a  driver,  a  4(ki  by  3(ki,  i ;  i  field  of  view 
is  sufficiently  wide  enough  fm  low-speed  mobility  within  the  scope  of  fundamental  driving  task  tested  in 
this  study.  However,  the  consistency  of  the  pattern  of  slightly  elevated  error  rates  fm  the  direct  view  40  x 
30  option  vorsus  the  direct  view  option  does  suggest  that  some  curability  is  lost  by  restricting  a  driver’s 
peripheral  field  of  view.  Past  research  and  experience  has  shown  that  the  performance  advantages  which 
stereoscopic  imagery  provides  are  most  pronounced  in  unfamiliar,  visually  clutmred,  and  visually  degraded 
images.  Stereo  imagery  is  also  known  to  be  useful  in  judging  the  relmive  distances  and  orientations  of 
(Ejects  and  terrain  surface  femures  -  all  of  which  are  invaluable  to  an  operator  when  evaluating  the 
composition  and  topography  of  terrain  before  attempong  to  traverse  it  The  results  are  strongly  suggestive 
of  potential  petfonnanoe  advantages  to  be  derived  by  using  stereoscopic  imagery  in  display  systems. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Remote  Vision  Systems  for  Teleoperated  Ground  Vehides,  6-8  Marcb  1991 

AuthoKs);  Alan  Y.  Umeda,  Stq)hen  W.  Martin,  and  Jobn  O.  Merritt 

OBJECTIVE; 

To  present  a  discussion  on  the  utility  of  feanues  such  as  stereoscopic  vision,  color  imagery,  bead-mounted 
displays,  and  bead-coupled  aiming  of  soisors.  Recommendations  are  provided  for  tbe  design  of  future  UGV 
remote  vision  systems. 

APPROACH: 

The  report  was  broken  up  into  die  following  sections;  1)  Introduction,  2)  TOV  Visim  Systems,  3)  Test 
and  Evaluadmi,  4)  Discussion  of  Remote  Vision  System  Features,  and  5)  Summary  and  RecommeodaticiQS. 

LESSONS  LEARNED: 

Steieoscqiic  television  displays  provide  substantial  performance  advantages  over  conventional  televiskm 
displays  when:  1)  aspects  of  die  remote  scenes  are  unfamiliar  or  are  ftequendy  changing,  2)  tbe  rate  (rf 
learning  of  new  tasks  is  important,  3)  image  qualhy  is  poor,  and  4)  tasks  have  significant  dqKh  posidoning 
requirements.  TOV  has  two  miniature,  high  resolution  video  cameras  that  provide  stereoscopic  image 
sensing.  These  cameras  are  aligned  with  parallel  q;)tical  axes  and  are  separued  a  distaiwe  equivalent  to  an 
average  human's  interocular  separation.  Ihe  video  camera  lens  field-of-view  (FOV)  is  selected  to  match  tbe 
tqiparent  display  FOV  observed  by  the  operator.  Automatic  iris  lenses  allow  unattended  aperture 
adjustments.  A  camera  convergence  set  at  infinity  was  used  to  reduce  tqierator  fatigue  doe  to  eye  strain. 
Analyses  of  test  data  revealed  that  objects,  such  as  rocks  buried  in  vegetation,  and  negative  terrain  features 
such  as  pmholes  and  ditches,  were  difficult  and  sometimes  inqiossible  to  discern  using  mmioscopic  visitm. 
Anecdotal  data  from  TOV  operators  indicate  that  in  certain  RSTA  situatitMis,  color  improved  operator 
recognititm  of  targets.  However,  in  poor  lighting  situations,  such  as  near  dusk  and  in  shadows,  recognition 
of  targets  was  degraded  due  to  color  sensor  limitations.  Ihe  use  of  "gravity  refermiced"  compensmion  to 
video  sensors  povided  more  readily  interpretable  vehicle  pitch  and  rtdl  aitimde  cues. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Stereosoqnc  Venus  Otttaogooai  View  Displays  for  Peifonnance  of  a  Remote  Manipulator 

Task,  1991 

Authcnfs):  E.  Hugh  Spain  and  K.-  Peter  Holzhausen 

OBJECTIVE: 

To  test  the  perfoimance  of  a  telecqteraior  using  stereoscopic  displays  versus  octbogonal  view  di^lays. 
APPROACH: 

Discussion  of  the  operauu’,  display  Literface.  camoa  configuration,  line  feeder  task,  measurement  of  gare 
preference,  testing  imcedute,  results,  and  condiBions. 

LESSONS  LEARNED: 

While  previous  experiments  showed  an  overaU  >12%  task  ctHUpletion  time  advantage  for  a  stereoscopic 
display  over  a  monoscc^c  display,  the  present  study  showed  even  more  pronounced  effects  of  >26%  and 
>29%  advmtages  in  task  conqiledon  times  over  anhogmial  and  simple  mcmosctqiic  di^lays,  respectively. 
Most  striking  was  the  concordance  between  the  previous  experiment  and  this  experiment  with  respect  to 
gaze  preferences.  Whereas,  Dumbreck,  observed  an  overall  stereoscopic  di^lay  gaze  preference  ttf  94.6%, 
we  observed  and  overall  95.2%  preference.  Taken  together,  the  results  rqxxrted  here  offer  strcmg  sui^xxt  to 
the  general  conclusitm  that  stereoscopic  displays  are  advantageous  for  remote  perfoimance  of  complex, 
three-dimensional  manipulatitm  tasks.  In  this  experiment,  when  compared  to  both  simple  and  ortbogtmal 
mcHioscopic  displays,  a  stereoscopic  display  significantly  and  substantially  lowered  times  required  for 
overall  task  oompletioo,  improved  precision  of  operations,  reduced  inadvertent  ctdlisions  widi  the  taskboard, 
and  was  objectively  observed  to  be  very  strongly  preferred  when  operators  were  given  an  wnnx^jiiatft  choice 
between  viewing  either  a  stereoscopic  display  or  a  monoscopic  one.  A  strtmg,  ccmsistent  preference  was 
found  fm  tlm  "simple”  monoscopic  view  over  the  orthogonal  monosctqnc  view. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Utle:  Techniques  for  AutoiKKnous  Navigation,  March  1992 

AuthorCs);  R.  H.  Byme,  P.  R.  Klarer,  and  J.  B.  Plena 

OBJECTIVE: 

To  evaluate  potential  technical  approaches  for  implementing  the  robotic  path-following  system  of  the 
Mobite  Detection  Assessment  Respcmse  System  (MDARS). 

APPROACH: 

The  report  is  brcdcen  down  into  path  sensing  and  position  location.  Various  path  sensing  techniques  and 
position  location  systems  are  discussed.  A  cost-risk  trade-off  analysis  of  each  system  is  provided  along 
with  recommendatitms  on  the  best  technical  approach  to  meet  the  MDARS  path-following  requirements 
using  |»oven  technology. 

LESSONS  LEARNED: 

The  Surrogated  Teleoperated  Vehicle  (STV)  is  assumed  to  be  the  base  vehicle  chosen  for  this  applicatitm. 
Machine  vision,  sonar,  and  LADAR  range  nuqrping  not  recommended  due  to  high  technical  risk.  Wire- 
following  was  recommended  as  the  primary  candidate  technology  and  the  Kaman  RFNG  system  was 
tecomineaded  as  a  secondary  candidate  system. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Utle:  Unmanned  Ground  Vehicle  Best  Technical  Approach,  ftogiess  Review  Meeting 

Sununaiy,  29  A(ml  1992 

Authors):  Dr.  James  Baumann  and  Lany  W.  Brantley 

OBJECTIVE; 

To  provide  a  summary  of  information,  issues,  and  recommendations  discussed  at  the  Best  Technical 
Approach  (BTA)  meeting. 

APPROACH: 

Provide  a  bound  report  including  a  summary  sheet  and  viewgn4)h  materials  discussed  during  the  meeting. 
LESSONS  LEARNED: 

Available  documentation  concerning  UGV  missicm  profiles  indicates  a  larger  HMMWV-type  vehicle  while 
others  indicate  a  smaller  All*Terrain  Vehicle.  The  proponent  could  help  in  prioritizing  the  theories  of 
employment  (TOEs).  Acoustics  could  justify  UGV  existence  in  Air  Defense  roles  as  a  triggering  system 
for  helicopters  and  fixed  wings. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE: 

Title:  A  General  Fonnula  for  Calculating  Camera  Positioning  for  Remote  Driving,  1992 

Authotfs):  U.S .  Army  Human  Engineering  Laboratory  (HEL) 

OBJECTIVE: 

To  identify  proper  camera  locatitns  to  meet  given  constraints  pertaining  to  the  teleoperator's  view. 
APPROACH: 

Discussion  of  constraints  concerning  tbe  teleopeiator's  view  and  then  an  example  calculation  is  worked  for 
purposes  of  illustration. 

LESSONS  LEARNED: 

Sky-to-Ground  Ratio:  The  percent  of  sky  to  ground  should  be  no  less  than  15%  and  no  greater  than  50%. 
Close-in  Vision:  Ibe  remote  driver  should  be  able  to  view  tbe  ground  20  feet  (prrferably  10  feet)  in  front 
of  the  vehicle  and  beyond  (MIL-HDBK  759).  Vehicle  Reference:  The  amount  of  vehicle  hood  in  the 
teleoperator's  view  should  be  no  less  than  1  foot  but  no  greater  than  5  feet  Ihe  teleoperatm's  view  should 
not  extend  into  the  vehicle  dash.  Tbe  edges  of  tbe  vehicle's  front  fenders  should  be  visible  to  tbe 
teleqrerator.  It  is  highly  desirable  that  vision  beyond  tbe  edges  (tf  tbe  front  fenders  also  be  provided.  For 
illustration  purposes,  a  1/2  inch  CCD  camera  with  a  fr-mm  lens  was  used.  The  6-mm  lens  provides  a 
vertical  field-of-view  (VFOV)  of  42  degrees  and  a  hmizontal  FOV  (HFOV)  of  55  degrees.  For  any  focal 
length,  the  maximum  of  50%  sky  occurs  at  a  camera  angle  of  0  degrees.  For  a  6-mm  focal  length  and  4.8- 
mm  imager  frame,  a  minimum  15%  sky  occurs  at  a  14.7  degree  camera  angle  below  the  horizontal. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE: 

Title:  An  Assessment  of  Camera  Position  Options  and  Tbeir  Effects  on  Remote  E^iver 

Perfonnance 

Autborfs):  Mcmica  M.  Glumm 

OBJECTIVE: 

To  determine  tbe  effects  of  camera  position  cm  remote  driver  performance. 

APPROACH: 

Procedures  for  conducting  tbe  experiment  and  collecting  and  evaluating  data  were  established.  Candidate 
drivers  were  selected.  Experiments  were  conducted  with  18  participants. 

LESSONS  LEARNED: 

Camera  positions  #1.  #2,  and  #3  correspond  to  positions  #8,  #9,  and  #10  (on  page  10),  respectively.  80  % 
of  participants  preferred  position  #1  while  tbe  rest  chose  position  #3.  Speed  was  greater  with  position  #1 
and  errors  occurred  more  (traflic  cone  hits)  with  position  #3.  Paridng  performance  was  better  with  position 
#3.  Camera  used  was  6  mm  lens  (Sony;  Model  SSC-C3S0)  with  55  degree  horizontal  and  43  degree 
vertical  field-of-view. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE: 

Title;  An  ExperimentaJ  Study  of  the  Effects  of  Field-of- View  oo  Remote  Driver  Pofwmance 

Autboifs):  Monica  M.  Glumm 

OBJECTIVE: 

To  detennine  the  effects  of  fkld-of-view  on  lonote  driver  performance. 

APPROACH: 

Procedures  for  conducting  the  experiment  and  collecting  and  evaluating  the  data  were  established.  Candidate 
drivers  were  selected  according  to  a  set  criteria.  Experiment  was  conducted  with  18  participants. 

LESSONS  LEARNED: 

Overall,  greater  speeds  and  accuracy  were  achieved  with  the  6  nun  lens  (55  degree  horizmitaJ  POV)  camera. 
Use  of  the  3.5  mm  (94  degree  horizontal  FOV)  camera  yielded  better  obstacle  avoidance  pcrfomumce. 
Participants  preferred  6  ttun  lens  camera. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE: 

Title:  Assessments  of  Maneuverability  With  tbe  Teleoperated  Vehicle  (TOV) 

Autborfs);  Edward  H.  Spain 

OBJECTIVE: 

This  report  describes  tbe  procedures  and  specific  tasks  used  in  making  comparisons  of  mai»uverabiUty 
across  tbe  various  viewing  system  qitions  tested. 

APPROACH: 

The  procedures  were  run  with  two  groups  of  drivers,  well-practiced  civilian  personnel  who  were  tested  with 
each  of  the  viewing  systems  and  enlisted  Marine  personnel  wbo  volunteered  to  be  tested  with  a  single 
mobibty  sensor  system  on  a  one-time  basis.  Specific  results  in  terms  of  times  through  courses,  steering, 
and  braking  accuracy  are  reported. 

LESSONS  LEARNED: 

Statistically  significant  differences  were  found  fear  each  of  the  6  measures  taken  in  tbe  fundair<^t22  mobility 
test  battery,  and  all  differences  found  showed  tbe  Direct  View  condition  to  be  superior  to  tbe  Direct  Drive 
with  Video  View  conditions  tested.  Tbe  findings  suggest  that  if  sufficient  image  resolution,  contrast  and 
color  head  motion  coupling,  and  accurate  feedback  of  vdiicle  dynamics  are  provided  to  an  q)erata'  a  40°  by 
30°  FOV  is  sufficiently  large  enough  for  low-speed  maneuverability  under  tbe  conditions  tested.  Under  the 
driving  conditions  tested,  stereoscopic  imagery  provided  no  significant  advantages  over  a  simpler 
monoscopic  imagery.  In  attempting  to  generalize  this  finding  to  more  rigorous  driving  conditions, 
however,  one  must  remember  that  past  research  has  shown  that  the  advantages  stereoscopic  imagery 
provkles  are  most  pronounced  in  unfamiliar,  visually  cluttered  and  in  visually  degraded  scenes.  Stereosot^c 
im^oy  is  also  useful  in  judging  tbe  relative  distances  and  orientations  of  objects  and  terrain  surface  features 
-  ail  of  which  might  prove  invaluable  to  an  (q>erator  in  "reading"  terrain  before  attempting  to  traverse  it 
Results  suggest  that  better  matching  to  direct  view  spatial  correspondence  may  provide  improved 
performance.  They  do  not  jneclude  tbe  possibility  suggested  by  a  substantial  body  of  data  that  a  slight 
magnification  of  tbe  scene  through  tbe  video  system  might  jnovitte  even  greater  improvements  in  driving 
perfoimanoe. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Developoient  of  Remote  Presence  Tecbnology  for  Teler^ieraior  Systems 

Autboifs):  J.  D.  Hightower,  D.  C.  Smith,  and  S.  F.  Walker 

OBJECTIVE: 

The  Naval  Ocean  Systems  Center  (NOSC)  has  a  broad  spectrum  research  and  deveic^eni  program  to 
establish  the  technology  base  required  to  provide  remote  presence  to  teleoperated  systems.  This  paper 
briefly  describes  the  overall  program  and  various  key  technology  areas  being  pursued. 

APPROACH: 

Discussion  of  background,  terminology,  current  NOSC  efforts,  fiber-optic  communication  linkages, 
stereoscopic  visual  displays,  cranputer  image  processing,  ami  future  direcnoos  aixi  plans. 

LESSONS  LEARNED: 

Lightweight,  Kevlar  •  reinforced  cables  with  diameters  ranging  from  1.2  mm  to  1.8  mm  have  been 
prototyped,  wound  into  canisters,  and  have  been  successfully  deployed  fnm  a  variety  of  vehicles.  A  major 
design  goal  is  to  achieve  uniform  sqqjUcatitm  of  a  suitable  elastomer  jacket  for  abrasion  and  crush  resistance 
of  a  l.S  mm  cable  for  imiHoved  land  vehicle  applications.  Stereo  televisitm  di^lays  provide  substantia] 
performance  advantages  over  conventional  teievisitm  displays  when;  1)  aqrects  of  the  remote  scene  are 
unfamiliar  or  are  frequently  changing,  2)  rate  of  learning  of  new  ta.dcs  is  important,  3)  visibility  is  pew. 
and  4)  tasks  have  significant  depth  positioning  requirements.  Following  successful  demonstratitms  of 
stereo  television's  advantages,  the  effects  of  several  stereo  television  parameters  on  addititmal  perceptual 
measures  such  as  depth  resolution  and  depth  interval  estimations  were  investigated.  The  stereo  TV 
parameters  investigated  included:  1)  camera  interaaial  separation,  2)  lens  magnificatioo,  and  3)  inrodocdcD 
of  motion  parallax  produced  by  coupling  operator  bead  movements  with  a  remote  pair  of  cameras.  In  all 
cases,  specific  values  for  each  of  the  parameters  were  found  to  improve  system  perfonnance  over  and  above 
levels  typically  used  in  stereo  TV  viewing  systems. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Effects  of  Camera  Aiming  Tedmique  and  Di^lay  Type  on  Unmanned  Ground  Vebick 

Perfonnanoe 

Autboffs):  Edward  H.  Spain 

OBJECTIVE: 

To  assess  the  sq>arate  and  cranbined  impact  of  three  alternate  camera  aiming  techniques  and  two  display 
types  on  driving  performance  with  a  prototype  reoaotely  operated  ground  vehicle. 

APPROACH: 

Camera  aiming  techniques  and  display  types  chosen  for  testing  were  selected  based  on  current  reliable 
implementable  design  opdons.  Two  different  driving  courses  were  enqtloyed  to  measure  the  ability  of  a 
UGV  to  maneuver  into  and  out  of  tightly-ctmfined  areas  and  to  measure  the  ability  of  a  UGV  to  visually 
scan  an  unfamiliar  course  for  waypoints  and  to  drive  througbt  these  waypoints  in  a  specified  sequence  while 
scanuing  fw,  reporting,  and  avoiding  man-made  and  nahiral  obstacles. 

LESSONS  LEARNED: 

Head  movement  aiming  (using  a  helmet-mounted  di^lay)  increased  performance  for  maneuvering  into  and 
out  of  tightly  confined  spaces.  Helmet-mounted  display  and  both  head  movement  aiining  and  joystick 
aiming  caused  teleoperator  induced  uneasiness.  Head  movement  aiining  technique  recommended  for  us  in 
UGV.  Problems  with  fiber  optic  c^e  included  cable  costs,  damage  and  rqtair,  and  retrieval  time.  RFlink 
recommended  for  testing. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


49 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  EvaluatiOD  of  Stereoscopic  Display  Benefits 

AutlXM[(s):  John  O.  Merritt 

OBJECTIVE: 

This  p^ser  lists  scmie  of  the  side-benefits  and  evaluation  factors  that  should  be  considered  when  deciding 
between  2D  versus  3D  diq>lays  for  a  given  a^lication. 

APPROACH: 

Discussion  on  effective  image  quality,  visual  noise  filtering,  visual  attention  localization,  variable  field  of 
view,  luster,  scintillation,  surface  sheen,  tenain  slope  perception  in  off-road  driving,  sense  ctf  fnward  ^leed, 
operator  woildoad  relief,  and  focus/fixation  control. 

LESSONS  LEARNED: 

A  stereoscqric  display  can  be^  make  up  for  poor  image  quality  due  to  low  resolutimi.  limited  gray  scale, 
defocus,  motion  blur,  iirqraired  visibility,  etc.,  because  binocular  dqttfa  cues  are  generally  less  dependent  on 
image  quality  than  are  monocular  dqrth  cues.  Visual  noise  (both  static  and  dynamic)  can  be  separated  fitan 
the  signal  (actual  scene  objects)  when  two  independent  images  ate  presented  in  a  3D  display.  With 
binocular  vision,  the  brain  can  easily  separate  the  correlated  "signal"  from  the  uncortelated  "noise."  This 
can  provide  critical  signal-to-noise  improvement  for  sensors  that  have  inherently  poor  signalAioise  ratio, 
such  as  low-light-level  TV  or  FLIR  (forward  lotddng  infrared).  The  signal/noise  ratio  imfnovement  has 
been  measured  at  about  3  dB.  Using  binocolar  vision,  an  observer  can  easily  look  through  visual  clutter 
(such  as  luoken  foliage  in  the  foreground),  concentrating  visual  attention  on  objects  in  a  specific  de|tth 
plane.  A  stereoscopic  system  can  provide  a  wider  total  field  of  view  (FOV),  while  maintaining  the  Mma 
maximum  level  of  Ivnizontal  resolution  (as  obtained  with  a  given  sensor,  such  as  a  FLIR  Of  CCD  imaging 
chip),  by  partially  overi^qting  tire  left-eye  and  right-eye  formats.  Foe  example,  with  50%  overlap,  two  60 
degree  fields  can  provide  a  total  FOV  of  90  degrees  with  a  30  degree  binocular  overly  regicm  in  the  cento'. 
Tests  comparing  2D  versus  3D  stereo  displays  in  off-road  driving  have  shown  that  perception  of  terrain 
slope  is  significantly  better  with  a  3D  display,  whereas  it  is  difficult  and  error-prone  with  a  2D  display. 
These  tests  suggest  that  motion  parallax  and  other  monocular  dqrth  cues  do  not  siq^ly  enough  information 
to  make  up  for  die  lack  (rf  binocular  parallax  depth  cues  in  a  2D  display. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Research  Issues  Involved  in  Applying  Steieosc(q)ic  Tetevtsirm  to  Remotely  Operated 

Vehicles 

Autbor(s):  Ross  L.  Pepper,  Robert  E.  Cote,  Edward  H.  Spain,  and  John  E.  Sigurdstm 

OBJECTIVE: 

Hiis  repm  provides  a  brief,  general  overview  of  an  ongoing  program  of  research  at  the  Naval  Ocean 
Systems  Center  (NOSC),  Hawaii  Labcaatory,  to  assess  the  value  of  three-dimensicmal  imagery  for  the 
cmitrol  of  remotely  tolerated  work  systems.  Tte  effects  of  visibility  amditions,  learning,  task  demands, 
pseudo-movement  parallax,  byperstereopsis,  and  isomorphic  linkage  of  camera  movements  to  operator  bead 
movements  are  discussed. 

APPROACH: 

Our  approach  to  this  problem  has  been  the  develo]nnent  of  a  test  facility  and  a  set  of  experimental 
procethires  to  evaluate  man-machine  inietactioas  in  teleoperauss,  machines  designed  to  communicate  man’s 
percqnional.  problem-solving  and  manipulative  skills  into  hazardous  and  remote  envirmunents.  Our  recent 
efforts  have  been  directed  toward  the  develqjmoit  of  a  "general  purpose"  teleoperator,  one  capable  of 
effective  q)eratk)o  across  a  wide  range  of  environments  and  tasks,  especially  those  encountered  in  the  ocean 
depdis. 

LESSONS  LEARNED: 

Over  a  wide  range  of  studies  using  different  sensor/display  systems,  tadfs  and  operators,  we  have  found  an 
t^tproximate  two-fold  gain  in  stereoacuity  in  the  transititm  from  monoscopic  to  stereoscopic  TV  viewing 
conditions.  For  each  of  our  studies  involving  omnparisons  of  stereo  and  monosctqric  TV  systems,  stereo 
viewing  has  always  produced  superior  perfotmaDce  even  with  camera  sepaiaticm  set  at  half  the  normal 
human  intetocular  distance.  Furthermore,  performance  advantages  associated  with  stereo  disfdays  were  more 
pronounced  under  visually  degraded  viewing  conditions.  As  camera  separation  was  increased  to  the  normal 
interocular  distance  and  beyond  into  the  region  of  byperstereopsis,  we  observed  a  gradual  gain  in 
stereoacuity  to  a  level  approximating  and  in  some  cases  even  exceeding  that  found  under  direct  viewing 
conditions. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Letter  Reptnc  TMAP  Sensor  Suite,  included  in  dK  document  entitled  Low  Cost  Sensor 

Suite  Candidates  for  an  Anti-Annor  Robot,  30  April  1985 

Authotfs):  W.  E.  Miller 

OBJECTIVE: 

To  document  technical  jnogress  on  the  sensor  suite  task  on  the  Anti-annor  Robot  by  the  Advanced  Sensors 
Diiecttnate.  Several  decisions  as  to  the  fiinctimial  approach  and  the  specific  hardware  we  will  implement 
have  been  made,  and  some  investigations  into  expected  performance  capabilities  completed.  Description  oi 
the  suite  configuration  is  being  published  in  'Rrtqxisal  for  Robotic  Sensor  Suite  Evaluaiim’',  draft  provided 
in  September.  Six  elements  of  the  suite  will  be  addressed. 

APPROACH: 

Discussion  of  night  sights,  televiskm  cameras,  radar  guns,  acoustic  senscxs,  lasers,  and  sensor  fusion. 
LESSONS  LEARNED: 

Hie  Texas  Instruments  CAT  has  been  selected  as  the  best  overall  Thermal  Imaging  sensor.  Thiswasduein 
a  large  measure  to  the  lowest  projected  unit  cost  ($4,700  at  the  end  of  the  fuesent  development  effort),  and 
also  to  the  fact  that  it  is  an  uncooied  device  of  reastmable  performance.  A  three  camera  configuration  has 
been  chosen;  an  8:1  zoomed  color  camera  aligned  with  the  sensor  suite  forward  axis,  with  two  identical 
cameras  aimed  to  either  side  to  provide  perifdierai  visitm  for  vehicle  driving  and  flash  detection  when 
searching  f<x  targets.  Only  the  central  camera  win  have  the  zoom  mechanism  operable,  but  all  three  have 
internal  auto>focus  and  auto-iris  functions  to  relieve  the  operator  of  these  tasks.  The  total  field  of  view  is 
105  degrees  with  the  small  cameras  purchased.  The  rationale  used  to  selea  these  particular  cameras  deserves 
some  discussion.  They  are  JVC  btune  video  units,  bought  off  the  commercial  market  after  a  survey  of 
capabilities.  Of  particular  note  is  the  price  •  a  selectitm  of  cameras  with  slightly  different  characteristics  is 
available  fcv  $6(X)  to  $800;  the  model  purchased  was  $650.  The  performance  features  are  very  similar  to  a 
militarized  camera,  the  TCS-500.  Two  very  significant  difterences  should  be  highlighted  however  1)  The 
ctHnmercial  camera  is  not  militarized,  and  will  likely  be  less  reliable  in  the  field  (Setter  has  imver  had  a 
failure  of  their  similar  cameras);  and  2)  The  commercial  camera,  at  $650,  is  markedly  lower  cost  that  the 
equivalent  militarized  unit  at  $14,0(X)!  Two  sets  of  dual  cardioid  micrqrhones  catalog  number  33-1071 
were  used  for  acoustic  sensors.  Time  requited  for  tank  locatkm  in  adverse  conditions  of  wind  asri  rain  was; 
1)  visual  only  -  42  seconds,  2)  stereo  sound  -  35  sectmds,  and  3)  both  - 12  seconds. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  OPS  Plan  to  11  •  12  July  1985  Teletqxrator  CoocroUed  Vehicle  Ronoce  Weapon  Firing 

at  Ulupau  Crater.  10  July  1985 

AudK»(s):  D.  C.  Smith 

OBJECTIVE; 

To  demonstrate  the  remote  firing  of  an  M-60  machine  gun  mounted  on  a  teleqreraied  vehicle. 
APPROACH: 

Discussion  of  equipment  and  materials,  operating  |»iocedures,  M60  setup  and  firing  sequence,  hang^fire 
power  down  sequence,  and  planned  safety  precaudans. 

LESSONS  LEARNED: 

Hang-Fire  Power  Down  Sequence:  1)  release  FIRE  switch;  2)  turn  off  vdiicle  engine  from  Control  Statkm 
(shuts  down  Pan/tilt  Mechanism);  3)  ^iproacfa  vehicle  frcan  the  side;  4)  close  pneumatic  shut  off  valve;  5) 
turn  off  imeumatic  pressure  bottle;  6)  observe  condition  of  Triggering  Mechanism;  7)  If  Triggering 
Medianism  is  depressing  M60  trigger,  then  attempt  to  release  Triggering  Mechanism  by  one  or  both  of  the 
following  steps:  a.  release  air  {vessuie  at  the  actuator  by  disconnecting  pressure  line  and  b.  unbolt 
Mechanical  Linkage  from  Air  Piston  Cylinder,  8)  when  Triggering  Mechanism  is  released,  place  Trigger 
Safety  to  ON;  9)  detach  Triggering  Mechanism  &mn  M60  trigger,  and  10)  remove  unspent  live  rounds  from 
M60  (Armorer).  Planned  Safety  Precautions:  1)  The  M60  Machine  Gun  will  be  rigidly  mounted  tm  a 
Pan/nit  Mechanism  which  is  attached  to  the  roof  of  a  leiAotely  controlled  vehicle.  Mechanical  stoi»  on 
the  Pan/Tilt  Mechanism  limit  the  range  of  azimuth  (jnn)  and  elevation  (tilt)  angles  which  prevents  rounds 
fitun  straying  outside  of  the  firing  range  area  in  the  event  of  system  control  failure  ot  glitches.  Pan  angular 
limits  are  5  degrees  to  either  side  of  center  (10  degrees  total).  Tilt  angular  limits  are  10  degrees  down  and 
15  degrees  in  the  upward  direction;  2)  Live  rounds  will  be  handled  by  experienced  M60  armorers.  Live 
rounds  will  not  be  attached  to  M60  when  vehicle  is  moving;  3)  The  Triggering  Mechanism  will  not  be 
attached  to  the  trigger  during  loading  and  unloading  of  the  weapon;  4)  Two-way  voice  communicatioas  will 
be  est^lishedbetween  die  Ckmtrol  Station  operator  and  personnel  located  at  the  vdikde;  5)  Vehicle  will  be 
set  to  "park”  gear  during  setup  and  firing  of  wetqxm.  In  addition,  tbe  electric  parking  brake  will  be  set  to 
insure  that  the  vehicle  is  immobilized  during  the  setup  and  fliing  procedures;  6)  The  ammuniticHi  belt  will 
be  configured  or  trimmed  to  allow  only  10  rounds  to  be  fired  at  a  rime  which  will  limit  the  number  of 
inadvertent  stots  that  can  be  fired  during  a  system  failure;  and  7)  A  pneumatic  shut  valve  is  accessible  to 
prevent  juessutized  air  frmn  reaching  the  air  pisum  cylinder.  When  this  valve  is  closed,  the  M60  trigger 
cannot  be  actuared  by  tbe  Triggering  Medumism. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Effects  of  Extended  Camera  Baseline  and  Image  Magnification  on  Target  Detection  Tune 

and  Target  Recognition  with  a  Stereoscopic  TV  System,  February  1986 

Authorfs):  E.  H.  Spain 

OBJECTIVE: 

Increase  die  effectiveness  of  bypersteieoscopic  viewing  techniques  for  terrestrial  reconnaissance. 
APPROACH: 

Discussion  of  stereoscopic  perception,  prior  research,  military  ^plications,  image  collection,  target- 
background  considerations,  observa  screening,  visual  performance  testmg  procedure,  experimental  resulu, 
and  conclusions^reoommendations. 

LESSONS  LEARNED: 

When  viewing  conditions  are  poor  and  monocular  cues  to  depth  and  distance  are  degraded  or  absent, 
stereopsis  helps  a  viewer  discern  the  form,  location,  and  orientation  of  objects,  and  this  gives  him  better 
ccntrol  of  the  environment  Steretqisis  provides  a  rapid,  auumatic  antidutter,  anticamouflage  mechanism 
requiring  only  low-level  preconsdous  processing,  freeing  cognitive  resources  for  higher  level  tasks.  Both 
image  magnification  and  increases  in  camera  interaxial  separation  ate  useful  strategies  for  enhancing  target 
detection  time  and  recognition  rate  with  stereoscopic  TV  systems.  The  interactive  effects  of  image 
magnification  and  variable  camera  interaxial  separadon  were  not  disruptive  of  visual  performance  for  imrmte 
reconnaissance  tasks. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Slew  Rate  Required  to  Acquire  and  Track  a  Moving  Target,  26  February  1986 

Autfaor(s):  R.  L.  Remick 

OBJECTIVE: 

To  determine  wbat  the  mflYimnnt  slew  rate  should  be  for  a  remote  platform  using  TOW/Dragon. 
APPROACH: 

Discussicn  of  the  speed  capabilities  of  current  Soviet  armored  vehicles,  tracking  slew  rate  requirements,  and 
acquisition  slew  rate  requirements. 

LESSONS  LEARNED: 

Dragon  and  TOW  have  six  degree  field-of>view  optics  artd  a  minimum  65  meter  range  for  warhead  arming  to 
occur.  A  slew  rate  of  8.6  deg/sec  is  sufficient  to  track  a  35  Iqpb  target  If  the  target  speed  does  not  exceed 
that  of  a  Soviet  tank  (50  kpb)  then  a  18  deg/sec  slew  rate  capability  is  required.  If  acquisition  and  tracking 
of  all  Soviet  armored  vehicles  is  required,  then  a  slew  rate  of  30  to  35  deg/sec  would  be  appropriate. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TOW  Anti*Tank  Missile  System,  Appendix  B,  Phoneccm,  26  March  1986 

Autlx»<s):  R.  L.  Remick 

OBJECTIVE: 

To  discuss  issues  related  to  digitizing  color  and  black/white  TV  signals. 

APPROACH: 

Discussed  black/white  TV.  color  TV.  multiple  TV's,  TOVX  and  ATV. 

LESSONS  LEARNED: 

For  black/white  NTSC  type  TV  signals,  the  required  sample  rate  is  straight  forward  to  calculate  using  the 
sampling  tbernem  and  knowledge  of  ute  system's  filters.  I  mentioned  2.S  x  BW  as  a  rate  and  Duane  said 
this  should  work  okay.  For  color  TV:  Can  not  just  sample  the  same  way  as  for  B/W  TV.  The  problem  is 
the  color  burst.  The  color  infonnatirm  is  related  to  phase  and  the  oolf»r  burst  is  transmitted  as  a  reference  to 
lock  up  the  oscillator  in  the  receiver.  If  the  sample  rate  is  not  fast  enough  to  preserve  phase,  then  the 
colors  on  the  receiver  screen  will  all  be  off-color.  Duane  said  to  use  a  master  clock  for  the  communication 
bit  stream  and  use  it  to  provide  the  color  reference  and  synchronize  the  TV  cameras.  Duane  has  used  a  3X 
sample  rate  for  color  where  he  has  synchronized  his  sampling  with  the  color  burst.  He  said  the  3X  was 
based  more  on  convenience  than  on  the  actual  value.  It  is  easier  to  generate  a  whole  mimber  than  parts  of  a 
number  in  logic  circuits.  He  said  if  diere  ate  multiple  TV  cameras,  and  especially  if  there  are  B/W  and  cdior 
in  the  same  system  to  synchronize  all  the  cameras  to  the  same  color  line  rate.  Otherwise,  the  differing  line 
rates  between  cameras  (B/W  has  a  different  line  rate  than  color)  will  show  up  as  faint  pictures  rolling 
through  the  monitors  superirtqtosed  on  the  principle  scene.  Cross-talk  40  dB  down  between  visim  systems 
is  detectable  by  the  eye  if  the  systems  ate  not  synchronized  together.  He  said  in  systems  such  as  TOVX  and 
ATV.  where  there  is  amix  of  analog  and  digital  systems,  to  syncbnMiize  all  the  systems  together.  The  TV 
vitteo  signal  is  analog  but  it  contains  sync  signals  for  vertical  and  horizontal  sync.  Do  not  let  things  go 
asyncrmiously.  He  said  the  cross  talk  and  interference  will  be  a  teal  headache. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Human  Factors  Affecting  AROD  Design,  Training,  and  Operations,  January  1987 

Autboi(s):  Stanley  N.  Roscoe,  Louis  Corl,  and  Donald  H.  Couchman 

OBJECTIVE: 

To  present  human  engineering  piincipies  of  AROD  system  design,  training,  and  operation. 

APPROACH: 

Discussion  on  missions,  functions,  requirements,  functional  allocations,  system  definitions,  design 
constraints,  camera  considerations,  remote  presence,  simulation  fidelity,  helmet  position  sensing,  and  radio 
considerations. 

LESSONS  LEARNED: 

In  a  study  reported  by  S.  M.  Luria  (1969),  die  effect  of  field-of-view  on  stereoscoj^c  and  resolution  acuity 
was  measured.  No  effect  was  found  on  binocular  resolution  acuity  for  fields-of-view  ranging  from 
unrestricted  to  3.8  degrees.  This  acuity  was  measured  with  gradng  targets  presented  at  about  S.36  meters. 
There  was  a  loss  of  stereoscopic  acuity  as  the  field-of-view  was  decreased  between  the  unrestricted  case  and 
the  3.8-degree  field-of-view  amounting  to  a  factor  of  five  in  the  means  for  eight  subjects,  as  measured  using 
a  Howard-Dolman  ai^iaraius  with  which  the  subject  positions  one  tod  to  the  same  tqrparent  depth  as  two 
fixed  tods  at  5.59  meters.  The  problem  of  detecdcm  will  be  made  mixe  difficult  by  the  fact  that  the  video 
signals  being  returned  are  monochromatic.  If  a  filter  wheel  were  provided  in  front  of  the  camera,  a 
successicm  of  pictures  could  be  made  that  could  be  recombined  in  a  ground  facility  into  a  color  composite. 
Such  a  filter  wheel  might  provide  useful  contrast  enhancement  even  when  viewed  monodiromatically  in  real 
time,  enabling  the  operator  to  penetrate  camouflage.  The  possibility  of  providing  a  standard  color  video 
camera  could  also  be  considered,  but  the  lower  resolution  might  underweigh  any  advantages  the  colra  would 
yield.  Just  as  stereo  is  not  a  productive  use  of  two  video  signals,  full  ctdor  is  not  a  worthwhile  use  of 
three.  How  many  different  frequencies  will  be  available  for  the  radio  communication  link  backup  to  the 
optical  fiber?  If  there  is  only  one,  then  only  a  single  AROD  can  safely  by  flying  within  radio  range  of  any 
control  unit.  If  there  are  a  number,  then  smne  means  must  be  provided  to  change  frequencies  easily  to 
match  a  control  unit  and  AROD  and  to  avoid  any  interference.  Ideally,  this  should  be  possible  for  the 
vehicle  in  the  air,  so  that  any  conflict  that  develops  can  be  resolved.  Otherwise,  the  frequencies  would  have 
to  be  carefully  assigned  from  knowledge  of  what  units  were  out  in  the  field. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Tele  Operated  Vehicle  (TOV)  Advanced  Electro-Optical  Sensors  Study,  16  October  1987 

AutlK)T(s);  Naval  Westons  Center.  Laser  Systems  Branch 

OBJECTIVE: 

This  report  looks  at  recently  developed  sensors  which  can  outperform  present  sensors,  reduce  size  and 
weight  or  otherwise  improve  the  capabilities  of  the  TOV  to  perform  its  reconnaissance  and  targeting 
missions. 

APPROACH: 

Discussion  of  Low-Light  Level  Television,  Thermal  Imaging  Sensor,  Laser  Target  Designator  and 
Rangefinder,  and  a  pointing/tiacking  system. 

LESSONS  LEARNED: 

The  present  0/SM  is  configured  with  a  pulnix  S40TM  solid  state  TV  camera,  a  second  generation  image 
intensifier,  and  a  Fujinon  GOX16A-SND  zoom  lens.  It  is  recommended  that  the  advanced  system  include  a 
third  generaticHi  image  intensifier,  and  replace  the  zoom  lens  with  a  switchable  two  field  of  view  optics 
system.  The  third  generation  intensifier  should  increase  the  responsivity  in  the  near  infrared  by  a  factor  of 
four,  and  increase  resolution  a  minimum  of  20%.  An  auto  iris  system  to  protect  the  intensifier  from 
intense  light  sources  should  also  be  included,  ^proximate  cost  of  diis  system  in  production  should  be 
SISK  per  unit  The  present  0/SM  is  configured  with  an  AN/TAS-4  Night  Sight.  This  system  remoted 
weighs  nearly  30  lbs,  and  has  a  closed  cycle  cooler  which  emits  a  significant  audible  noise.  A  recent  U.S. 
Army  development  program  for  improved  thermal  imaging  systems  has  resulted  in  the  Thermal  Weapon 
Sight.  The  Hughes  Aircraft  Division  of  General  Motors  has  a  version  they  claim  is  cmnparable  in 
performance  to  the  AN/TAS-4  at  one  quarter  the  weight  and  uses  a  quiet  thermal  etecuic  cooling  system. 
This  sight  is  presently  planned  for  use  with  individual  and  crew  served  weapons  such  as  U.S.  Marine  Corps 
Modular  Universal  Laser  Equipment  (MULE)  and  the  U.S.  Army  Stinger,  M-60  and  M-SO  machine  guns, 
as  well  as  the  MK-19  grenade  launcher.  The  TWS  is  in  full  scale  engineering  development  and  projected 
unit  costs  are  $10K.  An  eyesafe  rangefinder  would  cost  spproximarelySlOK  in  production.  A  Lightweight 
Target  Marker  (LWTM)  is  estimated  at  SSOK.  A  simple  gyro  stabilized  pointing  and  tracking  systmn  with 
video  tracker  capability  is  estimated  to  cost  S2SK  in  production. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Title:  Additional  Information  on  the  LTM-86  Laser  Designator,  8  February  1988 

Authoifs):  Optic-Electronic  Corporatior 

OBJECTIVE: 

To  provide  a  general  overview  on  the  features,  characteristics,  and  performance  criteria  of  the  LTM-86. 
APPROACH; 

Included  a  laser  systems  comparison  table,  a  discussion  of  test  results  bom  China  Lake,  and  a  copy  of  the 
operator's  manual  for  the  Compaa  Laser  Designator  (CLP),  Model  LTM-86. 

LESSONS  LEARNED: 

The  MULE  has  the  following  characteristics:  weight  -  38.S  lbs;  designation  distance  (stationary  target)  • 
3.5  km:  designation  distance  (moving  target)  •  3  km;  power  required  •  22-30  Vdc  (<  190  watts); 
Transporting  -  2  men;  operation  - 1  man.  The  GLLD  has  the  following  characteristics:  weight  •  61  lbs; 
designation  distance  (stationary  target)  -  9  km;  designation  distance  (moving  target)  -  6.S  km;  power 
required  -  18-28  Vdc  (<  375  watts);  Transporting  -  2  men;  operation  -  1  man.  The  LTM-86  has  the 
following  characteristics:  weight  - 14.95  lbs;  designation  distance  (stationary  target)  -  3  km;  designation 
distance  (moving  target)  -  2  km;  power  required  -  20-32  Vdc  (<  200  watts);  Transporting  -  1  men; 
operation  - 1  man.  The  LD-82  has  the  following  characteristics:  weight  -  81.6  lbs;  designatitm  distance 
(stationary  target)  -  Not  Tested:  designation  distance  (moving  target)  -  Not  Tested;  power  required  - 18-32 
Vdc  (<  300  watts);  Transporting  -  2  men;  (q)etation  -  1  man.  Operational  tests  using  the  LTM-86  to 
designate  targets  for  live  laser  guided  ordnance  have  been  successful.  ’Xodc-tm"  of  laser  guided  mdnance  at 
slant  ranges  up  to  90,000  feet  (17.05  statute  miles)  has  been  accoDq)lished  with  the  LTM-86  designator  4 
km  from  the  target  Major  user  operational  features  have  verified  including  flrst/last  pulse  logic,  range 
perfrnmaance  from  150  meters  to  more  than  8,520  meters,  boresight  and  operation  with  typical  tri-service 
coded  laser  guided  weaponry.  Functions  have  been  validated  including  multi-target  indicaiimi,  two  target 
resolution,  and  ^gle  shot  versus  rep-rate  designate  and  range  read  out  performance.  Ranging  performance 
was  validated  over  measured  distances  from  a  minimtan  of  150  metos  out  to  a  minimitm  of  8.520  meters 
(maximum  available  targeted  distance). 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  TOV  Masts,  23  May  1988 

AutlK)i(s):  Manuel  Solorzano 

OBJECTIVE: 

To  present  possible  mast  alternatives, 

APPROACH: 

Discussion  of  identified  mast  alternatives. 

LESSONS  LEARNED: 

We  should  try  to  avoid  pneumatics  and  hydraulics,  but  not  be  absolute  in  rqecting  them.  Hydraulics  can  be 
driven  with  an  electric  motor  on  a  hydraulic  pump.  For  purposes  of  space  utilization,  the  mast  preferably 
should  not  cantilever.  Variable  height  capability  would  be  useful,  but  not  a  necessity.  Maximum  height 
has  not  been  established,  but  the  present  8  feet  should  be  a  minimum.  Minimum  height  has  not  been 
established,  but  the  instrumentation  package  shmild  not  exceed  the  weapons  platfmm  height  Stiffness  in 
wind,  eqiecially  wind  gusts,  is  desirable  only  to  a  point  as  the  base  vehicle  will  begin  to  react  Stifluess 
in  rotation  reactitm  to  the  pan  axis  torque  load  is  at  least  as  important.  As  far  as  cost  ease  of  integration, 
and  minimization  of  engineering,  the  5  stage  bydrmilic  cylinder  is  recommended.  This  would  be  a 
cantilevered  design  for  lowering  the  instrument  pack  below  3  feet  The  hydraulic  drive  should  be  modified 
to  have  an  electric  motor  drive  the  hydraulic  motor.  If  the  height  is  not  critical,  w;  could  eliminate  the 
candlevering.  Second  recommendation  would  be  a  screw  jack  design. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Stressed  JadcLift,  1  June  1988 

AutiKiKs):  Manuel  R.  Solorzano 

OBJECTIVE: 

Review  of  a  proposed  scissors  type  jack  lift  for  tbe  TO  V  mast  requirement. 

APPROACH: 

Presmed  a  descr^on  of  tbe  stressed  lead-screw  jade 
LESSONS  LEARNED: 

Tbe  donble  scissors  lift  designed  by  M.  Solorzano  has  the  following  features:  1)  Double  and  a  quarter 
scissors  design,  2)  Inner  sdssors  is  milled  12”  x  48”  z  2”  member.  Tbis  ounbined  with  precision  conical 
high  torque  bearings  provide  considerable  lateral  stiffness  of  tbe  lift,  3)  Outer  scissors  is  2"  x  4”  box 
member  with  high  imxision  high  torque  ctmical  bearings,  4)  All  members  common  6061  aluminum,  5) 
Electrically  driven  36”  throw  1”  diameter  ball  screw  factory  actuator  ($900),  6)  Two  electrically  failsafe  ball 
screw  detents  (not  mottvized),  7)  Simple  leaf  spring  loaded  stowing,  8)  8"  to  120”  variable  height 
deployment  (exclusive  of  sensor  platform,  9)  Provision  to  embed  Pan  mechanism  in  top  elements, 
decreasing  stowed  prtfile,  10)  Deliberate  looseness  in  bearings  to  defeat  inaccuracies  in  construction,  seizing 
in  position,  11)  Stressed  structure  deployment  to  eliminate  all  posititming  tolerances,  12)  High  torsitmal 
and  flextural  stiffness  relative  to  instrument  load,  13)  bed  requirement  16"  x  48”,  14)  Aiqnoximate  weight 
of  lift,  80  pounds  exclusive  of  base  actuator,  and  IS)  No  cantilevering  requirement.  Unlike  an  industrial 
lift,  tbe  above  scheme  is  extremely  light,  does  not  shiR  under  a  moderately  heavy  side  load  (a  non-industrial 
requirement)  and  is  equally  zero-tcderanced  at  any  position.  A  less  desirable  but  even  simpler  scheme  is  to 
eliminme  the  ball  screw  locks  and  drive  up  the  lift  until  it  rams  into  tte  stops  of  the  payload  plate.  This 
would  also  be  very  rigid  but  would  preload  tbe  platfmm  upward;  this  would  be  tbe  tmly  zero-toleranced 
position.  At  any  other  bdght  some  slop  could  be  expected.  Since  tbe  actuator  is  bought  as  a  facuny  unit, 
and  the  bearings  are  also  factory  items,  only  tbe  basq)late,  two  center  members,  four  outer  mmnbers,  and 
two  cross  braces  need  to  be  fabricated.  The  4  mil  tolerance  requirement  on  12”  to  48"  members  (actually, 
only  in  bearing  center  mounting  madiining)  is  easily  widiin  competent  maghiiii»  operator  effort. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  WeapcHts  Ratfonn,  TOV,  12  June  1988 

Authoi<s);  Manuel  R.  Solot^o 

OBJECTIVE: 

To  discuss  problems  and  solutions  encountered  in  the  development  of  tbe  TOVs  weapons  piatfcmn. 
APPROACH: 

Discussed  the  harmonic  drive,  the  weapons  platfonn  pan  encoder,  the  weapons  platform  tilt  encoder,  the 
weapons  tilt  aauator,  and  the  control  station. 

LESSONS  LEARNED: 

In  addition  to  the  harmonic  drive  being  inadequate  to  tbe  job,  tbe  coupling  is  badly  engineered.  Tension 
loading  by  the  belt  is  centered  on  tbe  drive  sprodcet,  whose  bearings  are  a  plain  bearing  on  one  end  (ok)  and 
tbe  gearmotor  output  bearing  on  tbe  other  (NOT  ok).  This  unduly  stresses  the  haimot  :  drive  in  side 
loading,  which  will  further  ensure  its  early  failure.  There  is  no  loading  belt  tenstoner  for  tbe  drive  sprocket 
belt  As  the  belt  stretches  or  the  system  wears,  we  will  see  tbe  re-appearance  of  tbe  slt^.  or  mechanical 
hysteresis,  which  gave  rise  to  tbe  oscillations.  Tbe  weapons  platfonn  pan  encoder  bears  tbe  entire  belt 
tension  of  its  drive  belt  Hie  weapons  tilt  encoder  is  loose  or  flexible  in  its  mount  Tbe  reason  for  this  is 
a  loose  belt  Tbe  extent  of  the  looseness  is  about  five  (S)  degrees.  This  aj^aiently  does  not  cause 
oscillations  because  the  gun  system  is  always  preloaded  Ooad  unbalanced)  downward.  The  weapons  tilt 
actuator,  a  linear  electric  device,  has  about  0.1  inches  of  free  travel,  about  a  quarter  of  that  in  its  end 
mountings.  At  a  5  inch  pivot  radius,  this  is  about  4  degrees  of  error.  Again,  the  poor  mass  distribution 
(unbalance)  acts  to  eliminate  this  error  IN  STATIC  POSITIONING.  During  firing,  this  is  not  tbe  case. 
Hopefully  during  firing  the  system  does  not  oscillate  in  position  (slave)  about  the  wettpons  tilt  axis.  Since 
2  degrees  of  error  is  10  feet  at  100  yards  and  60  feet  at  600  yards  distance,  a  ballistic  computation  using 
laser  ranging  is  not  wrath  doing  unless  these  errras  are  reduced.  This  would  involve:  1)  adjustment  of  both 
wetqions  encoders,  2)  measured  tensioning  of  tbe  we^ns  pan  belt,  3)  replacement  of  the  tilt  actuator  widi 
a  preloaded  ball  ra  acme  screw,  and  4)  tightening  up  tbe  actual  gun  cradle,  which  is  sloppy  and  flexible. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  New  TOV  Weapons  Drive  ReconunendaticHis.  18  June  1988 

Autbor(s):  Manuel  Solonano 

OBJECTIVE; 

To  present  recommendations  for  the  TOV  Weapons  Drive. 

APPROACH: 

Discussed  the  tilt  axis,  pan  axis,  and  recommoidaiians. 

LESSONS  LEARNED: 

Tilt  axis:  The  tilt  axis  is  used  to  elevate  the  weapon  and  to  stow  it  in  a  rest  with  tmeumatically  actuated 
jaws.  These  jaws  and  the  associated  mictDswitch  are  extremely  unreliable.  They  are  also  unnecessary.  The 
Duff-Norton  device  is  a  very  robust  item,  have  1,000  pound  stall  force  and  2.7  incfa/secmul  max  speed.  It  is 
also  not  backdrivable,  being  a  lead  screw  device.  Ihertfore  it  would  make  an  excellent  paridog  device  itself. 
As  a  precision  device  for  wetyrons  training  it  needs  better  mounting,  the  present  allowing  2  degrees  of 
motion  with  the  weapcm  mounted.  This  has  terrible  implications  for  weapons  training  at  longer  ranges. 
Thus:  rqtlace  the  mechanical  jaws  with  steel  badted  rubber  V-Uodc,  eliminate  the  jaw  structure,  pneummic 
actuator,  associated  air  hoses,  valves,  associated  sequencer  funcdons,  and  add  precision  low  tolerance  moimts 
for  the  actuator.  Pan  axis:  This  drive  system  requires  extensive  redesign,  begiiming  with  the  inertial  loads, 
drive  belt,  drive  cog,  harmonic  drive,  and  motor.  Recommendations  for  the  Pan  axis:  1)  msqor 
simplification  of  weapons  control  ocanputer  suite  ft  software;  2)  a  more  complete  motion  analysis  of  the 
entire  weapons  platform;  3)  modification  of  the  veapaa  mount  The  present  posititming  causes  minor 
disturbance  torques  to  cause  increasing  rotation  away  from  the  firing  angle;  4)  study  of  the  belt  drive 
capacity;  5)  redesign  of  the  tension  adjustment  device.  It  is  bending;  6)  redesign  of  the  drive  cog  to  a  fully 
bearing  suj^xrrted  device.  At  present  it  is  partly  supptated  by  the  gembox  ou^t  shaft,  placing  an  undue 
strain  on  an  already  inadequate  device  (shaft  can  actually  be  observed  to  deflea  under  moderate  belt  tension); 
7)  Addition  of  a  flexible  motor  coupling  (standard  design);  8)  change  to  a  larger  csgtadty  gearbox  of  greater 
failure  mrque;  9)  possible  addition  of  an  electric  brake.  This  must  slip  before  reaching  the  failure  torqire  of 
die  gearbox  selected  if  not  placed  between  the  gearbox  and  the  load;  and  10)  change  to  larger  cspuaty  motor, 
possibly  the  same  Inland  21 13/7  device  retrofitted  to  the  surveillance  system. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  New  TOV  SurveiUance  Drive  Recommendations,  18  June  1988 

Autb(H(s):  Manuel  Stdorzano 

OBJECTIVE: 

To  present  recommendations  for  tbe  TOV  Surveillance  Drive. 

APPROACH: 

Discussed  tbe  tilt  axis,  pan  axis,  and  rectmunendatioDs. 

LESSONS  LEARNED: 

As  it  is  now  evident  ibat  tbe  present  surveillance  pan  and  tilt  drives  are  greatly  underdesigned,  tbe  following 
are  recommended  rework:  Hit  axis:  Aswas  warned  in  previous  memos,  bolding  torque  in  excess  of  1. Sin- 
lb  at  tbe  load  would  stress  tbe  present  drives.  It  was  discovered  with  tbe  last  motor  damaged  that  tbe 
effective  required  bolding  torque  was  60  incb-lb.  Hus  was  equal  to  tbe  maximum  rated  output  capability  of 
tbe  motor/gear  system,  IGNORING  ALL  TRANSMISSION  LOSSES.  Actual  motion  torque  requirements 
were  in  ADDITION  to  this.  Since  even  with  a  perfectly  balanced  load  we  cannot  guarantee  that  tbe  load  is 
not  changed  in  tbe  field  (removal  or  addition  of  sensors,  rutming  tbe  load  up  against  tree  taancbes, 
functioning  on  a  vehicular  grade,  etc.)  a  superior  scheme  would  require  low  bolding  torque  and  yet  be  as  fast 
as  requited.  This  means  an  electric  brake,  a  large  motor/gearbead,  or  nonbadcdriveable  gear,  such  as  a  worm 
gear  (inaccurate)  or  a  lead  screw.  As  a  lead  screw  is  being  adopted  for  tbe  follow-up  version  of  this  axis, 
retrofit  of  tbe  same  device  is  feasible  ami  recommended.  Using  a  IDC  HIOS  series  device  with  an  8  inch 
tbrow  this  device  is  rated:  14  inches(sec  unloaded,  210  lbs  force  stall,  0.003  indies  repeatability,  low 
wear/low  tolerance  Teflon  coated  lead  nut.  Placing  this  device  peqiendicular  to  tbe  tilt  rotation  axis,  witb  a 
3.S  inch  mcmient  atm  this  device  will  hold  up  to  800  lbs  in  place.  Pan  axis;  No  damage  has  been  incurred 
on  this  motor  drive  system.  However,  should  tbe  vebicle  be  parked  on  a  grade,  resulting  in  a  ccmsiderable 
holding  ttvque  requirement,  or  should  an  operator  perftmn  rapid  motion  control  for  a  period  in  excess  of  1 
minute,  damage  is  very  likely.  Hie  best  solution  hm  is  a  direa  replacement  for  the  mou».  Hie  present 
motor  bas  an  armature  thermal  time  constant  of  about  40  seconds.  Adaptatitm  of  the  Inland  (jni  1 3  motor 
gives  a  thermal  time  ctmstant  of  about  9  minutes.  The  stall  force  of  this  motor  is  300  incb-oz.  This  is 
much  greater  than  die  20  incb-oz  of  tbe  present  motor.  through  tbe  present  60:1  barmoaic  drive,  it 
would  generate  90  ft-pounds  (1800  in-oz).  In  coojunctitm  with  a  leadscrew  for  tilt,  this  would  diminate: 
all  overload  craiditions,  both  position  and  operator  induced;  all  unstowing  software;  all  stowing  pins,  boles, 
etc.;  all  associated  imeumatic  hoses,  valves,  tanks;  and  most  sequencer  contnd  requirements. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Hnal  Rqxnt  for  Analytic  Suppon  for  Fire  Support  (Aitilleiy)  Robotics:  Forward 

Observer  Real-Time  Teleopexator  <H>RT).  28  September  1^8 

Author($):  Robert  Fmkelstein  and  James  Taylor 

OBJECTIVE: 

Tbe  objective  of  this  work  was  to:  (1)  recommend  potentially  suitable  mobility  platforms  for  a  subsequent 
Proof  Of  Principle  of  FORT;  (2)  provide  the  basis  fcff  an  O&O  Wan  for  FORT;  and  (3)  generate  an  interest, 
in  tbe  artillery  community,  to  determine  the  ability  of  FOs  to  acquire  targets  using  remotely  operated  sensor 
suites  (including  stationary  ones). 

APPROACH: 

The  analysis  was  limited  a  priori  to;  a  teleoperated  M113  vehicle  (as  would  be  used  in  tbe  Fire  SuwxMt 
Team  (FIST)  or  the  Elevated  Target  Acquisition  System  (ETAS)  concept);  a  Hi^  Mobility  Multi-Purpose 
Wheeled  Vehicle  (HMMWV,  M998),  as  would  be  used  in  tbe  Army's  Tech-based  Enhancement  for 
Autonomous  Machines  (TEAM)  program  or  the  Marine  Corps  Tele-Operated  Vehicle  (TOV)  program;  a 
Teleoperated  Mobile  Anti-Armor  Platform  (TMAP)  vehicle  (as  would  be  used  in  the  TMAP)  program);  tbe 
AAI  Corporation's  High  Mobility  Multipurpose  Articulated  Vehicle  (HMMAV).  In  additicm  to  these 
platforms,  a  moveable  (but  non-mobile)  sensor  pod  and  an  unmounted  forward  observer  were  included  in  the 
analysis.  The  number  of  platforms,  while  limited,  seems  to  cover  a  suitable  range  of  sire,  performance,  and 
cost  for  potential  near-tenn  FO  platforms. 

LESSONS  LEARNED: 

It  is  not  certain  whether  FORT  should  have  laser  designators  onboard  to  illuminate  targets  for  laser-guided 
wetqKtns.  Active  emitters,  like  lasers,  expose  themselves  to  retaliatmy  fire,  but  tbe  potential  consequences 
are  not  as  tragic  with  unmaimed  platforms  as  with  an  exposed  FO.  Laser  designMors,  however,  are  very 
e>q)ensive,  and  platforms  canying  them  could  not  be  considered  expendable.  Also,  laser-guided  munitions 
are  likely  to  be  replaced  by  teleoperated  munitions  (such  as  Fiber  Optic  Guided  Missile  (FOG-M),  or 
autonomous  mumtums  with  smart  seekers.  FORT  may  not  need  to  perform  laser  designation. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Mathematical  Analysis  of  Scissor  Lifts.  June  1989 

Autboifs):  H.  M.  Spademan 

OBJECTIVE: 

To  derive  general  equations  for  calculating  reaction  forces  throughout  a  scissor  lift 
APPROACH: 

Calculated  the  reaction  forces  in  the  lift,  determined  the  cotiea  placement  for  an  actuate  in  the  lift,  and 
discussed  strength  and  rigidity  issues  assoctaied  with  the  lift. 

LESSONS  LEARNED: 

In  order  to  derive  these  equations,  two  critical  observations  were  made.  The  fust  observatitm  was  that  the 
reaction  forces  in  the  setssot  members  outside  of  the  levels  containing  die  actuator  are  conqiletely  unaffected 
by  the  orientation  of  the  actuator.  This  allows  the  scissor  members  above  the  actuator  and  the  members 
below  the  actuator  to  be  modelled  as  two  "basic  scissor  siructures,"  a  scissor  stnictuie  that  is  pinned  to  the 
ground  at  all  four  bottom  joints  and  that  contains  no  actuators.  Uie  second  critical  observation  was  that  if 
the  lift  is  assumed  to  be  fiictionless,  then  die  principal  of  conservation  of  energy  qiplies  that  slates  that 
work  in  equals  work  out  Hiis  prindpal  allows  the  actuator  forces  to  be  calculated  direedy. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Minutes  of  25  April  1991  -  UGV.  ISG  Meeting,  16  May  1991 

Aiitborfs):  Jed  Dunbar 

OBJECTIVE: 

To  define  tbe  types  of  payloads  available  to  perfonn  UAV  missions. 

APPROACH: 

Discussion  on  sensor  characteristics,  FLIR  analysis,  radar  analysis,  Non-Communication  Electronic 
Support  Measures  (NONCOM  ESM),  Homers.  Non-Communication  Electronic  Countermeasures 
(NONCOM  ECM),  Communications  Electnmic  Countermeasures  (COM  EfTM),  Decoys,  Meteorological 
Intelligence  systems.  Radio  Relay  systems,  and  Laser  Target  Designator  systems  followed  by 
Conclusions/Recommeodations. 

LESSONS  LEARNED: 

Definitions  of  Television  (TV),  Low  Light  Level  Television  (LLLTV),  Infra-Red  Linescanner  (IRLS),  Infra- 
Red  Search  and  Track  (IRST),  Forward  Looking  Iitfira-Red  (FLIR),  Synthetic  Aperture  Radar  (SAR), 
Moving  Target  Indicator  (MTI)  Radar,  Communications  Electronic  Support  Measures  (COM  ESM),  Ntm- 
Communications  Electronic  Support  Measures  (NONCOM  ESM),  Communications  Electronic 
Countermeasures  (COM  EfDM),  Non-Communications  Electronic  Countermeasures  (NONCOM  E(ZM), 
Electro-Optical  Countermeasures  (EOM),  Decoy,  Meteorological  (MET),  Radio  Relay,  Thermal,  Magn^c 
Anomaly  Detector  (MAD),  Active  Sonar,  Passive  sonar,  and  target  designation  systems.  Tables  showing 
specifications  for  TV,  LLLTV,  IRTV,  FLIR,  and  IRLS  systems  currently  available  were  included.  Several 
matrices  were  included  which  showed:  1)  missitHis  versus  payloads,  2)  an>Iicable  payloads  versus  mission 
payload  requirements  for  individual  missions,  and  3)  ground  resolutioo/minimum  scale  requirements  fw 
imagery  interpretation  tasks. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Camera  Stabilization,  30  May  1091 

Autliot(s):  Nelson  A.  Menia 

OBJECTIVE: 

Presented  a  description  of  a  method  which  can  be  used  for  stabilizing  a  camera  on  a  moving  platform. 
APPROACH: 

Discussion  of  the  stabilization  problem  and  two  proposed  solutions  to  the  problem. 

LESSONS  LEARNED: 

A  camera  mounted  on  a  moving  platfonn  will  pick  up  some  or  all  of  the  platform  peiturbatioD,  causing  the 
camera  picture  to  vibrate  to  the  point  where  it  is  unusable.  Stune  of  the  high  frequency  vibrations  can  be 
filtered  out  by  the  camera  mounting,  but  low  frequency  excursions  are  more  difficult  to  eliminate.  Die 
problem  can  be  bandied  in  either  of  two  ways:  1)  A  stabilizaticm  minor  is  installed  in  front  of  the  camera 
lens  and  tilted  at  45  degrees  to  the  line  of  sight  The  stabilization  minor  is  driven  in  the  axis  of  vibration 
at  one-half  magnitude  and  opposite  in  phase  to  the  vibration  by  an  accelerometer  and  amplifier  mounted  on 
the  moving  platform.  It  is  a  low  mass  system  and  as  such  velocity  and  acceleratitm  requirements  are  well 
within  the  sute-of-tbe-art  to  effectively  cancel  out  any  vibration  effects  and  present  a  stable  scene  to  the 
viewer,  2)  An  alternative  method  amcems  a  camera  which  is  already  equipped  wiA  a  motorized  integral  pan 
and  tilt.  A  differential  circuit  is  inserted  in  the  line  between  the  tilt  motor  and  tilt  control  unit  An 
amplified  accelerometer  signal,  opposite  in  phase,  is  connected  to  the  remaining  input  to  the  differential. 
The  accelerometer  input  effectively  cancels  out  the  vibration.  Higher  frequencies  could  be  a  problem  with 
this  method  as  this  is  a  higher  mass  arrangement  However,  it  has  been  our  experience  that  frequmides  up 
to  12  to  14  hertz  can  be  easily  bandied  in  a  somewhat  similar  situation  such  as  a  tank  gunners  sight  niiere 
scenes  must  be  stabilized  for  firing  on-tbe-move.  Vibradcms  encountered  in  this  case  exceed  the  excursioos 
found  in  the  case  of  the  moving  camera.  Lower  freqiKndes,  down  m  a  fraction  of  a  hertz  ate  easily  handled 
with  rather  simple  circuitry. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  A  Real-Time  Automatic  Target  Acquisition  System 

Autbor(s):  Pbilip  David,  Stephen  Balakirsky,  and  David  HiUis 

OBJECTIVE: 

To  describe  a  system  whidt  pofonns  automatic  target  acquisition  (ATA).  ATA  is  the  pnx:ess  of  locating 
targets  using  data  from  one  or  more  senstvs.  Although  many  types  of  targets  may  be  considered  and  many 
types  of  sensors  used,  this  paper  focuses  on  the  problem  of  detecting  military  ground  targets  using  data 
from  visible,  infrared  (FLIR),  nonimaging,  and  range  sensors,  all  of  which  are  integrated  on  a  robotic 
ground  vehicle. 

APPROACH: 

Sections  2, 3,  and  4  describe  our  image  registration,  target  detection,  and  tradring  algorithms,  ieq)ectively. 
All  of  these  algorithms  have  been  simul^ed  in  software  and  have  been  nm  on  real  data;  some  have  been 
implemented  in  real-time  hardware.  Section  S  describes  bow  all  of  these  algtmthms  will  be  implemented  to 
run  at  a  rate  of  30  frames  per  second.  In  Section  6  we  describe  the  future  enhancements  planned  for  our 
system.  UnaUy,  we  conclutte  with  a  discussion  of  advances  made  by  this  ATA  system. 

LESSONS  LEARNED: 

The  system  currently  requires  targets  to  be  moving  before  they  can  be  acquired,  but  we  believe  that  this  is  a 
.small  saciiftce  for  the  perfonnance  increases  otKained  over  previous  stationary  uuget  ATA  systems;  there  are 
numerous  applications  in  which  such  a  system  would  be  ideally  suited.  Although  the  oanpiete  system  has 
not  been  tested  in  a  real  battlefield  environment,  initial  experiments  are  positive.  We  are  currently 
implementing  this  system  in  real-time  hardware  and,  when  done,  will  perform  extensive  field  tests  and 
report  on  the  results.  A  number  of  difficult  problems  have  been  addressed  by  this  system:  platform 
motion,  dust,  exhaust,  cloud  shadows,  vegetation  movement,  low  contrast  targets,  and  a  wide  range  of 
q)parent  target  sizes.  Problems  which  future  systems  must  address  are  target  acquisition  on  a  moving 
vehicle,  the  acquisition  of  stationary  targets,  and  target  classification  and  recognition. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

TiOe:  Features  of  the  LTM-86 

Authoifs):  KEI,  A  Subsidiaiy  of  Optic-ElectToiuc  Corporation 

OBJECTIVE; 

To  present  a  description  of  the  LTM-86  laser. 

APPROACH: 

Discussion  of  tbe  laser  transmitter,  sighting  optics,  rangefinder  module,  range  receiver,  control  box.  powor 
supply,  dimensions,  and  specifications. 

LESSONS  LEARNED: 

Tbe  Model  LTM-86  Nd:YAG  Laser  is  a  target  marker,  a  designator  and  a  rangefinder.  Tbe  laser  transmitter 
is  a  modular  box  that  is  4  x  5  x  12  inches  and  weighs  approximately  7.5  pounds.  The  Nd:YAG  laser  is 
conductively  and  convectively  cooled,  eliminating  the  nonnal  closed-cycle  cooling  system.  Missicms  of  60 
seconds  duration  at  a  rate  of  10  pps  may  be  conducted  every  two  minutes.  This  is  twice  as  long  as 
necessary  for  most  designation  periods  for  conventional  laser  guided  we^xms.  A  separate  sighting  op6cs 
and  rangefinder  module  is  attached  to  tbe  top  of  tbe  laser  transmitter.  This  provides  range  data  whkdi  is 
displayed  in  tbe  eyepiece  to  a  maximum  of  9,995  meters  with  a  resolution  of  5  meters.  To  permit 
discrimination  between  two  or  more  targets  in  the  field  at  view,  tbe  usm  can  select  either  first-  ot  last-target 
mode  of  operation.  Targets  as  close  together  as  30  meters  can  be  resolved.  Minimum  ranges  of  under  aX) 
meters  ate  possible.  Tbe  range  receiver  and  sighting  qxics  are  boused  in  a  rectangular  module  that  is 
approximately  2  x  5  x  12  inches.  Tbe  range  receiver/sighting  optics  module  weighs  apfaoximately  2 
pounds.  Tbe  control  box  is  2  x  2  x  4  inches  and  weighs  about  1/2  pound.  Primary  power  for  tbe  LTM- 
86can  be  supplied  by  several  combinatioas  of  battery  packs  using  either  rechargeable  NiCad  or  Lithium 
batteries.  If  only  the  target  maricer/designator  function  is  used,  the  entire  space  normally  occupied  by  tbe 
range  module  is  available  for  batteries.  A  simple  rifle  sighting  telescope  can  be  used  for  sighting  and 
batteries  cspable  of  60  minutes  of  operation  are  available  in  a  box  that  weighs  less  than  two  pounds.  Tbe 
entire  system  with  a  lidiium  battery  pack  suitable  for  60  minutes  of  missions  weighs  only  12  pounds  and 
is  5  X  8  X  12  inches  overaU. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Response  to  Issues  on  the  Tactical  Unmanned  Vehicle  Operation  and  Perfonnance 

Author(s):  Bill  McLean 

OBJECTIVE: 

To  provide  information  on  unmanned  vehicle  operation  and  performance  based  on  general  knowledge  of 
displays  and  sensor  chatact^tics. 

APPROACH: 

Discussitm  on  video  resolution  vs  target  detectioi  and  soldier  characteristics  affecting  target  acquisition  and 
weapon  alignment  accuracy. 

LESSONS  LEARNED: 

In  general,  an  increase  in  system  video  resolution  increases  proportionally  the  range  and  probability  of 
detectitm,  or  decreases  the  time  to  detection  for  a  sensor  whose  field  of  view  (FOV)  is  smaller  than  the  area 
to  be  scanned.  However,  reduced  visibility  in  the  wavelengths  of  the  sensOT's  response  can  change  this 
proportional  relationship.  On  a  given  situation,  many  identified  factors  can  alter  the  range,  probability,  and 
time  of  detection,  such  as  target  contrast,  size  of  the  search  field,  complexity  of  the  background,  target 
maddng  and  movement,  training,  etc.  One  model  that  was  developed  for  predicting  and  comparing  the 
performanoe  of  night  vision  imaging  systems  is  called  the  "Johnson  Criteria".  This  criteria  determines  the 
detection,  orientation,  recognition,  and  identification  of  a  target  by  the  number  of  imaging  line  pairs  of  the 
sensor/display  across  the  minimum  or  critical  target  dimension.  A  German  modification  of  the  Johnson 
Criteria  repcKts  both  50  and  90  percentile  probabilities  (BOHM,  1985).  For  detection  at  the  50%  level  tiiis 
value  is  1  line  pair  (two  lines)  per  minimal  dimension,  and  1.8  line  pairs  for  the  90%  level.  For 
identification,  the  number  of  line  pairs  for  50%  and  90%  are  7  and  12.5  respectively.  Therefore,  the  basic 
Johnson  Criteria  assumes  a  proportional  relationship  between  video  resolution  and  target 
detecticHtfidoitification  perfonnance.  Because  of  the  number  ttf  additional  known  variables  besides  size  that 
can  affect  the  time  and  probability  of  target  detection  (which  the  Johnson  Criteria  does  not  include),  the 
Johnson  (Criteria  is  useful  more  as  a  tool  to  compare  electro-optical  systems  in  a  relative  way  than  to 
predict  absolute  times  mid  probabilities  of  detectitm. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Over-The-Flange  layout  Tests,  10  November  1986 

Autl)or(s):  A.  Nobuoaga 

OBJECTIVE: 

The  purpose  of  the  over-tbe-Qange  payout  tests  were  to  determine  the  geometrical  limitations  to  that  payout 
concept  witb  respect  to  cable  binding  during  payout. 

APPROACH: 

Discussion  of  background  material,  test  procedures,  test  results,  arxl  conclusions 
LESSONS  LEARNED: 

There  is  a  payout  "window”  through  which  the  cable  will  not  bind  during  payout,  the  same  size  guide  can 
be  used  for  either  the  IS  or  20  inch  diameter  flanges  provided  the  guide  is  mounted  20  and  30  inches, 
respectively,  away  from  the  flange.  This  would  not  affect  the  overall  dimensions  of  the  payout  system 
because  the  sum  of  the  length  of  spool  and  distance  to  guide  would  be  the  same  for  both  cases.  Therefore, 
no  special  hardware  would  have  to  be  built  to  accommodate  either  payout  spool  which  still  allows 
flexibility  in  payout  concepts.  Because  similar  loops  were  formed  during  payout  over  different  diameter 
flanges,  it  seems  that  it  is  independent  of  flange  diameter.  Howeva,  per  reference  (a),  it  was  learned  that 
loop  formation  is  a  function  of  payout  speed.  The  slower  the  speed,  the  larger  the  loop  formed.  Therefore, 
although  it  seems  like  the  flange  will  not  interfere  with  cabte  payout,  as  the  payout  speeds  increase,  the 
flange  will  have  a  definite  effea  on  payout  Further,  the  formation  of  loops  adds  another  payout  parameter 
which  must  be  considered.  The  loops  can  bit  and  hind  on  other  payout  spools  as  well  as  any  hardware  or 
other  cable  within  the  payout  system.  Therefore,  if  payout  over-tbe-flange  is  to  be  continued,  more  testing 
is  required  to  determine  the  effea  of  payout  ^leed  on  loop  formation  and  cable  binding.  The  use  of  tapered 
flange  or  no  flange  on  the  payout  end  of  the  spool  may  solve  these  pi  oblems. 

APPLICABLE  lO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Title:  Status/Plrogress  as  of  26  May  1987 

Autborfs):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  tbe  current  status  of  tbe  fiber  optic  system. 

APPROACH; 

DiscussioD  of  spools,  testing,  winding,  guide,  frame,  padc.  recovery,  and  problems. 

LESSONS  LEARNED: 

Used  cable  recovery  winder  to  payout  2700  meters  of  Vector  bytrel  cable  on  4  May  1987.  8  km/br  payout 
q)eed  acbieved.  One  2350  meter  pack  wound  with  100%  conformal  coating  coverage  -  completed  26  May 
1987.  A  1650  meter  pack  will  be  wound  with  conformal  coating  applied  in  strips  90  degrees  apart  - 
estimated  ctxnpleticHi  28  May  1987.  Present  cable  winding  system  ^le  to  wind  300  m/hr  with  100% 
adhesive  application.  Adhesive  t^lication  seen  as  m^or  time  consoaint  Will  begin  winding  with  strip 
{plication  of  adhesive  with  1650  meter  length  of  Vector  CL-139  cable.  Interest  in  testing  twine  winding. 
Need  to  develqp  high  helix  angle  level  wind  system.  Determine  whether  adhesive  required.  Abmidtmed 
winder  design  using  Army  RL-31  frame,  ^^fiien  mounted  on  HMMWV,  it  would  require  two  men  on  tbe 
vehicle  to  pass  the  cable  down  to  two  men  on  tbe  ground.  Need  for  a  lower  prcrfUe  winder  required.  FVeseni 
winding  system  too  sk>w.  Adhesive  plication  seen  as  major  constraint  to  winding  speed.  Will  try  strip 
adhesive  application  and  possibly  twine  winding  to  speed  up  winding  process.  There  have  been  cases  where 
OFTT  conneaors  do  not  fit  on  tbe  fiber  in  tbe  Vector  bytrel  cable.  Tbe  bole  size  in  tbe  cotmecun-  does  not 
accommodate  Sumitomo  fiber.  Possible  problem  seen  with  Vector  polyurethane  cable.  Had  difficulty 
switching  recovery  system  to  DC  power.  20  amp  current  rating  of  motor  seen  as  a  problem  ~  standard 
switches  are  rated  to  10  amps  maximum.  Will  use  a  10  amp  switch  to  activate  a  25  amp  rel^  to  run 
motor.  Switches,  relays,  told  circuit  breakers  on  order.  Need  to  fabricate  and  wire  compoooits  together. 

APPL  CABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Robotic  Combat  Vehicle  System  Study,  July  1987 

Authoi(s):  B.  C.  Caskey  and  E.  R.  Hoover 

OBJECTIVE: 

To  address  the  use  of  robotic  combat  vehicles  for  anti-annor  and  reconnaissance  missions  tor  the  U.S. 
Army. 

APPROACH: 

Description  of  mission  requirements  and  assessment  of  current  underlying  technologies.  Description  of  the 
operating  characteristics  of  the  near-term  robotic  combat  vehicle  based  on  the  limitations  and  capabilities 
associated  with  current  and  near-term  technology.  Discussion  of  program  plans  for  near-term  engineering 
development  mid-term  applied  development  atxl  far-term  basic  research  and  developmem. 

LESSONS  LEARNED: 

Near-term  technology  will  only  suiqxm  defensive  and  reconnaissance  type  missions.  Near-term  vehicles 
will  be  simple,  small,  lightweight  easy  to  operate,  and  inexpensive  vehicles  with  target  acquisition  and 
weapon  systems.  Communication  systems  will  have  secure  transmission  links,  high  bandwidth,  low 
probability  of  intercept  and  longer  range.  Control  systems  will  have  improved  capabilities  for  high  speed 
movement  over  more  difficult  terrain. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Random  Wind  Payout  Test,  24  July  1987 

Autbor<s):  A.  Nobunap 

OBJECTIVE; 

The  purpose  of  this  test  was  to  detennine  whether  c^le  that  was  random  wound  with  an  adhesive  could  be 
successfully  dqrioyed. 

APPROACH: 

Discussion  of  the  winding  procedure  and  the  results  of  the  payout  test  that  followed. 

LESSONS  LEARNED: 

Random  winding  requires  little  winding  time  and  effort  to  form  a  cable  paymit  pack  because  any  winding 
flaws  are  not  corrected.  Mechanically,  die  payout  looked  smooth  and  clear  until  the  vehicle  reached  35 
mpb.  At  this  point  there  qipeared  to  be  a  multiple  loq[>  payout  and  then  the  remaining  cable  pack  with 
approximately  three  layers  was  pulled  out  at  once  and  the  cable  broke  at  a  termination  point  on  the  6ame. 
which  is  used  to  inevent  the  datalhik  elecmmics  from  being  pulled  out.  There  are  several  possible  causes  of 
the  multiple  layer  or  lotqi  payout.  The  first  cause  is  too  much  adhesive.  There  may  have  been  a  place  oa 
the  payout  pack  where  the  adhesive  force  overcame  the  forces  holding  the  cable  in  the  payout  pack.  The 
adhesive  is  used  to  facilitate  cable  pads  handling  and  it  prevents  the  cable  pack  fiom  separating  while  it  is 
mounted  on  the  payout  hardware.  The  adhesive  could  be  diluted  in  future  tests  to  weaken  the  holding  fon^ 
on  the  cable.  Another  cause  of  the  multiple  loop  os  layer  payout  could  be  the  random  winding.  Because 
the  cable  is  random  wound,  the  cable  during  winding  could  leave  large  g^  in  the  layer  where  the  adhesive 
could  build  up.  The  buildup  of  adhesive  as  mentioned  before  could  have  caused  adjacent  layers  to  hold 
together  too  strong.  Further,  the  random  winding  could  allow  the  cable  to  dcnibie  back  on  itself.  The 
doubling  back  of  cable  could  cause  tangling  during  payout  or  multiple  lotqr  payout.  It  tqjpears  that  random 
winding  with  an  adhesive  is  not  feasible  because  of  two  factors,  adhesive  buildiq)  and  doubling  t»ck  of  caUe 
during  winding,  l!  appears  that  the  doubling  back  of  the  cable  caused  multiple  iot^  payout  whereas  too 
much  adhesive  caused  multiple  layer  payouL  To  dMermine  which  factor  has  a  greater  affect  would  require 
random  winding  of  cable  without  an  adhesive  and  random  winding  with  different  dilutions  of  the  adhesive. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 


77 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Tecbootogy  Assessment  for  Communication  Links  for  Mobile  Users  in  a  Hostile 

Environment,  1987 

AutlxM<s):  Cooimunicatiaas  and  Electronics  Conunand 

OBJECTIVE: 

To  address  the  m^or  {uoblems  associated  with  the  real  time  transfer  of  low  and  high  bandwidth  analog  and 
digital  signals  in  a  scenario  where  at  least  one  end  of  the  link  is  constituted  by  a  mt^ile  user  operating  in 
an  unfrieiKlly  envirmunent. 

APPROACH: 

Discussion  of  possible  constraints  on  a  communicalion  link  located  in  a  possibly  hostile  envircmmeot,  the 
advantages  and  shortcomings  of  analog  versus  digital,  communication  configurations,  bandwidth 
requiremeno,  range  considerations,  antennas,  secure  communication  issues,  jamming  considerations,  and 
proposed  links  for  mobile  users  in  a  hostile  environment 

LESSONS  LEARNED: 

At  the  present  time  the  following  can  be  stated  with  reasonable  accuracy:  1)  a  fiber  optic  communication 
link  could  probably  be  deployed  within  one  year,  2)  a  conventional  RF  link  (m»  secure)  could  also  be 
deployed  within  the  same  time  hame,  3)  an  RF  link  with  secure  data  transmission  (for  example,  using  a 
tiequoicy  hopping  syston)  and  non  secure  video  (at  most  analogically  scrambled)  could  be  implemented  in  a 
two  •  three  year  period,  4)  given  intense  research  and  techndogical  improvements,  a  fully  digitized,  (Urea 
spreading  spread  spectrum  video  system  could  be  available  within  3  •  10  years.  5)  for  distances  greater  than 
3  - 10  km  drone  support  will  be  necessary,  and  6)  mote  research  is  needed  to  study  the  feasibility  of  using 
near  optical  (ultraviolet,  infrared,  etc.)  wavelengths  and  laser  or  particle  beam  systems  for  communicaticm 
purposes.  Fmally,  it  must  be  realized  that  none  of  the  systems  available  (m  the  market  can  be  readily 
applied  toward  the  communication  links  described  above  (some  modification  would  be  necessary  in  every 
case).  Therefore,  a  price  list  is  not  given.  It  is  expected  however,  that  the  {nice  range  will  be  between  tens 
of  thousands  and  hundreds  of  thousands  of  dollars,  according  to  the  cmnplexity  and  sophistication  of  the 
systems. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Image  Compression  Technology  and  Techniques,  April  1988 

Autbor(s):  Tsai-Hong  Hong,  Marilyn  Nashman,  and  Karen  Chaconas 

OBJECTIVE; 

To  report  the  state  of  image  compressiCHi  technology,  to  describe  image  compression  techniques,  and  to 
select  algorithms  which  can  be  implemented  on  parallel  image  processing  hardware  for  the  purpose  of 
remote  driving. 

APPROACH: 

Discussion  of  techniques  used  to  measure  the  fidelity  of  reconstructed  images  with  both  subjective  and 
objective  criteria,  first  generation  data  cmnpression  schemes,  second  generation  data  compression  sdiemes, 
the  transmission  of  video  images  at  very  low  dma  rates,  and  advances  in  digital  coding  of  real-time 
^licatitms  f(»-  low  bandwiddi  transmission. 

LESSONS  LEARNED: 

Data  ccHnptession  methods  shcMild  provide  a  cmnpression  ratio  of  4000: 1  as  well  as  a  reconstructed  image 
that  can  be  used  to  opexaic  a  vehicle  under  vatiaUe  lighting  cocditioos  and  over  varied  tenain. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Concems  Regarding  Cable  Handling  Tasks,  12  July  1988 

Autbor(s):  A.  Nobunaga 

OBJECTIVE: 

This  memo  will  present  concerns  that  I  have  regarding  the  cable  handling  task  for  the  TOV  projea. 
APPROACH: 

Two  areas  will  be  discussed  ~  cable  recovery  and  the  rapid  winder  system. 

LESSONS  LEARNED: 

It  was  requested  in  a  TOV  review  meeting  that  the  c^le  recovery  system  by  modiOed  to  allow  one  man 
toleration.  This  can  be  accomplished  by  moving  the  contrcds  from  the  recovery  winder  frame  to  an  area  near 
the  driver.  Although  the  speed  controls  for  the  winder  can  be  moved,  there  should  still  be  a  person  in  the 
HMMWV  bed  monitoring  the  recovery  operaticm.  This  perstm  would  be  responsible  for  notifying  the 
driver/operator  of  any  problems  with  the  winder  subsystems,  such  as  a  clogged  cable  cleaning  system. 
Furthermore,  when  TOV  starts  using  the  10  km  lengths  of  cable,  it  will  be  necessary  to  use  two  people  to 
unload  the  winder  and  put  a  new  spool  on.  There  are  two  tqiimaches  that  can  be  used  to  atiain  the  goal  of 
one  man  operation.  Controlling  the  speed  of  the  winder  can  be  done  electronically  or  mechanically.  Both 
methods  would  require,  however,  an  eleciric  brake  on  the  winder  spool.  Because  of  the  built  up  inertia  in 
the  spool  as  mtne  cable  is  recovered,  the  spool  does  not  stt^  spinning  when  the  power  to  the  motor  is  cut. 
The  eleciric  brake  would  replace  die  operator,  who  presendy  grabs  the  flange  to  stop  the  spool.  Therefore, 
an  electric  brake  needs  to  be  {nocured  and  mounted  onto  the  recovery  vehicle.  Electric  speed  control  of  the 
winder  can  be  accomplished  by  installing  a  voltage  regulator  to  the  system.  The  speed  of  the  winder  would 
then  be  proportional  to  the  voltage  the  motor  sees.  This  would  be  the  ideal  solution  to  the  task  --  NOSC 
winders  use  this  type  of  speed  control.  From  an  operatm^  staiu^ioint,  it  would  be  desirable  to  have  a  cable 
length  counter  added  and  a  better  way  to  load  and  unload  the  spools.  A  band  crank  should  be  added  to  the 
end  of  the  tetll  reverser  unit  to  assist  winding  startup. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Low  Data  Rate  Remote  Vebide  Driving,  August  1988 

Autboris):  Martin  Hennan.  Karen  Chaconas,  Marilyn  Nashman,  and  Tsai-Hong  Hong 

OBJECTIVE: 

To  pTKeat  video  compression  techniques  for  use  in  low  data  rate  remote  vehicle  driving. 

APPROACH; 

Discussicm  of  |»Dblems  associated  with  remote  vehicle  driving  aixl  description  of  several  video  compression 
algorithms  conently  implonented  on  PIPE. 

LESSONS  LEARNED: 

When  driving  in  cross-country  terrain  using  either  fuU  video  or  compressed  video  the  driver  found  it  difficult 
to  detennine  global  relative  vehicle  location,  determine  the  orientation  of  load  ground  surfaces,  distinguish 
ditches,  gullies,  and  other  obstacles,  and  detennine  the  range  of  objects  from  the  vehicle.  It  appears  that 
transmitting  images  at  a  rate  of  a  few  per  second  and  then  providing  realistic  video  simulation  to  the 
operator  may  be  most  effective  way  to  perform  video  compression. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Robotic  Vehicle  Communicatiops  Interoperability,  August  1988 

Autbor(s);  Daniele  Mariani 

OBJECTIVE: 

Tbe  primary  goal  was  to  propose  a  communications  intoface  standard,  consisting  of  a  set  of  protocols  and  a 
un^ue  message  format,  tbat  will  lead  to  communications  interoperability. 

APPROACH: 

Discussion  on  Interoperability,  Robotic  Vehicle  System  Functions,  and  Representation  of  tbe  Compiled 
Information,  Protocol  Testing. 

LESSONS  LEARNED: 

Digital  advantages:  1)  good  performance  is  possible  with  a  signal-to-noise  ratio  of  only  20  to  30  decibels 
(dB).  A  frequency-modulated  analog  system  would  require  30-40  dB  for  similar  qualit>‘,  and  an  an^tlitude- 
modulated  analog  signal  an  even  higher  signal-to-noise  ratio;  2)  works  well  with  systems  requiring  tbe  data 
relayed  over  multiple  bt^,  because  tbe  digital  information  is  regenerated  at  each  relay.  This  is  in  contrast 
to  an  analog  system,  where  tbe  noise  and  distmtions  are  not  simply  those  of  tbe  weakest  link,  but  those  of 
the  accumulation  of  all  the  relays;  3)  error  control  techniques  can  be  used  to  detea  and/or  oonea  most  bit 
errors;  4)  most  encryption  techniques  ate  discrete  in  muure,  allowing  for  data  security,  S)  transparent  to  tbe 
type  of  data.  The  signal  could  be  voice,  video,  or  computer  data  and  any  user  with  a  ctmipatible  digital 
interface  could  receive  the  information.  For  analog  systems,  channels  must  be  modeled  according  to  tbe 
nature  of  tbe  signal;  6)  a  higher  aq)acity  per  carrier  frequency  can  be  accommodated,  using  time  division 
multiple  access  (TDMA)  technique.  TDMA  is  a  more  efTicient  multiplexing  technique  than  frequency 
division  multiplexing  (FDM),  which  is  used  with  analog  systems.  Most  sensors  have  an  analog  ouqiut. 
To  use  a  digital  system,  an  analog-to-digital  (A/D)  conversion  must  take  place.  This  process  increases 
system  complexity  and  cost  It  also  can  introduce  quantization  error. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Bending  Attenuation  Testing  of  EHspersion  Shifted  Fiber  Cables.  22  August  1988 

Authors):  A.  Nobunaga 

OBJECTIVE: 

To  jH-esent  the  results  of  bending  sAtenuation  tests  performed  on  Optical  Cable  Corp  (OCC)  and  AT&T 
cables. 

APPROACH: 

Discussion  of  cable  construction,  bending  tests,  and  results. 

LESSONS  LEARNED: 

Operational  testing  of  the  existing  TOV  single-mode  fiber  optic  cable  has  shown  that  there  is  a  marked 
increase  in  attenuation  when  the  TOV  runs  over  the  cable.  To  solve  this  problem,  "off-the-sheir 
dispersion-shifter  single-mode  fiber  optic  ctdiles  were  procured.  A  conqiarison  of  cables  shows  that  the 
AT&T  has  the  most  kevlar  -  4,000  filaments  vs  2,136  for  TOV  and  OCC,  and  3,204  for  the  Air  Layable. 
Because  the  AT&T  has  a  thidcer  jacket  than  either  the  TOV  or  OCC  and  it  has  the  most  kevlar,  it  should 
also  have  desirable  impact  and  crush  resistance.  The  OCC  cable  and  Coming  fiber  do  not  perform  as  well 
as  the  AT&T  cable  and  fiber.  Further,  Grom  the  AT&T  data,  the  cabling  process  does  not  affect  the 
performance  of  the  optical  fiber.  From  the  bending  attenuation  data  it  aiqiears  th^  the  AT&T  cable 
performs  well  and  could  be  a  solution  to  the  TOV  cable  bending  loss  problem.  Further  testing  can  be 
performed  to  detennine  whether  the  AT&T  cable  meets  the  remaining  TOV  cable  requirements. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Video  Compression  for  Remote  Vehicle  Driving,  1988 

Autbor(s):  Martin  Hetman,  Karen  Cbaconas,  Marilyn  Nasbman,  and  Tsai-Hong  Hong 

OBJECTIVE: 

To  discuss  the  remote  vehicle  driving  problem  and  describe  several  video  compression  algorithms  that  have 
been  implemented  on  PIPE,  a  real-time  pipelined  image  processing  machine.  The  paper  then  discusses  how 
these  algorithms  are  evaluated  on  real-world  remote  driving  tests. 

APPROACH: 

The  ^proach  to  the  problem  of  video  compression  for  remote  driV  to  use  a  hybrid  method  which 
combines  image  processing  techniques  (i.e.,  techniques  whose  input  is  an  image  and  whose  output  is  a 
compressed  image),  transform  techniques  (such  as  the  discrete  cosine  transfoim),  and  temporal  frame 
reduction  (i.e.,  transmitting  fewer  than  30  images  per  second). 

LESSONS  LEARNED: 

Full  rate  video  transmission  firom  the  vehicle  to  die  operator  requires  about  60  megabits/sec  fat  512  x  512 
images  with  8  bits/pixel  at  30  frames/sec.  Wide  bandwidth  radio  communication  requires  direct  line  of 
sight  between  the  transmitter  and  receiver.  This  is  not  feasible  in  realistic  outdoor  scenarios  where  vehicles 
are  likely  to  be  driven  behind  hills  and  mountains  and  therefore  hidden  from  direct  view  by  the  operator 
station.  Wide  bandwidth  links  are  also  relatively  expensive.  Further,  even  is  such  a  link  were  available, 
full  rare  video  would  use  up  a  large  part  of  the  bandwidth  allocations.  Fiber  optic  links,  which  have  vnde 
bandwidth  communications  c^abilities,  also  have  several  problems,  including  limited  ruggedness, 
difficulties  in  deployment  and  retrieval,  and  the  problem  of  repairs.  Many  of  these  difficulties  can  be 
overcome  by  utilizing  narrow  band  radio  links  which  have  cmnmunication  bandwidths  on  the  order  of  1(X) 
kilobits/second.  The  color  camera  used  for  the  test  obtained  512  x  512  pixel  images  widi  8  bits  each  of  red, 
green,  and  blue.  The  camera  had  a  90  degree  field  of  view.  Problems  encouriteted  during  the  test  were:  1) 
global  vehicle  locaticm  relative  to  the  background  and  landmarks  was  very  difficult  to  determine,  2)  the 
slope  of  the  local  terrain  was  very  difficult  to  determine,  3)  ditches,  gullie  s,  rocks,  and  other  obstacles  were 
difficult  to  distinguish,  and  4)  range  from  the  vehicle  to  tweets  and  tsrrain  features  were  difficult  to 
(tetermine.  It  seemed  important  to  be  able  to  see  a  poniem  of  the  firoot  of  the  vehicle  in  d»  image. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Land  Vehicle  Teieoperation  Under  Conditions  of  Reduced  Video  Resolution,  August 

1989 

Autboi(s):  I.  L.  Schoeneman  and  D.  E.  McGovern 

OBJECTIVE: 

This  experiment  was  designed  to  evaluate  the  capability  of  a  human  operator  to  teleopeiate  a  vehicle  with 
varying  levels  of  spatial  and  temporal  bandwidth  reductions  on  the  video  feedback  signal. 

APPROACH: 

Two  separate  tests  were  conducted:  1)  Driving  simulation  in  which  subjects  were  asked  to  review 
prerecorded  driving  t:y)es  under  varying  conditions  of  video  resolution.  The  terrain  conditions  were  also 
varied  and  ctmsisted  of  a  moto-cross  track,  opra  mesa,  and  a  bigb*speed  highway.  2)  Subjects  teleoperated  a 
small  remotely  controlled  vehicle  over  a  short  serpentine  course  with  "gates".  Time  to  complete  each 
course  under  varying  conditions  was  the  primary  poformance  measurement 

LESSONS  LEARNED: 

In  the  driving  simulaticxi  condition,  there  was  general  agreemem  among  subjects  that  reducing  bandwidth  to 
SOO  kHz  would  result  in  very  marginal  estimated  capability  to  teleoperate  the  vehicle,  and  most  felt  that 
250  kHz  provided  a  video  picture  which  did  not  allow  consistent,  effective  vehicle  teieoperation.  The 
subjects  in  the  teieoperation  condition  found  that  bandwidtbs  lower  than  125  kHz  were  technically 
achievable,  but  in  general  did  not  allow  consistent,  effective  vehicle  teieoperation.  The  time  on  the  course 
increased  as  the  bandwidth  decreased.  The  major  finding  was  that  vehicle  teieoperation  can  be  performed 
with  significantly  degraded  video  quality.  The  method  of  temporal  resolution  reduction  used  here  is  not 
identical  to  what  would  be  experienced  in  a  field  system.  A  field  system  causes  a  time  delay  betwem  what 
the  vehicle  is  seeing  and  what  is  presented  to  the  operator.  The  magnitude  of  the  effect  of  a  time  delay  cm 
performance  requires  further  testing.  This  experiment  provided  useful  suggestions  for  additional  testing, 
such  as  using  more  realistic  terrain  or  training. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Cable  Handling  Design  Review  Minutes,  9  January  1989 

Autlior(s):  A.  Nobunaga  and  A.  Nakagawa 

OBJECTIVE: 

To  present  the  current  3  km  capacity  outside  payout  design. 

APPROACH: 

Discussion  of  two  outside  payout  over-the-flange  designs:  one  with  a  freely  rotating  flange  and  the  other 
with  a  45  degree  Uttered  insert  on  one  end. 

LESSONS  LEARNED: 

The  payout  system  delivered  to  NOSC  SD  was  a  combination  of  the  two  designs  considered:  aluminum 
spool,  12.75  inch  diameter  mandrel,  12  inches  long,  18.5  inch  diameter  flanges,  1  inch  thick  45  degree 
t^^teied  nylon  spacer,  and  a  20.62  inch  outside  diameter  (OD)  rotating  flange  (3  km  capacity). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Test  Reports,  12  March  1989 

AuthorCs):  G.  S.  Hall 

OBJECTIVE: 

To  present  status  reports  on  the  TOV  system. 

APPROACH: 

Discussion  of  problems  encountered  during  testing  of  the  TOV  #1  and  TOV  §2  and  the  actions  taken  to 
resolve  each  problem. 

LESSONS  LEARNED: 

Comparison  testing  was  done  using  the  Westinghouse  (green/black)  CRTs  and  the  Sony  (black/white) 
CRTs.  The  operators  seem  to  prefer  the  Sony  for  normal  driving,  but  like  the  high  resolution  of  the 
Westinghouse  for  surveillance  with  the  mobility  bead.  The  cable  is  highly  vulnerable.  Once, 
photographers  tripped  over  the  cable,  breaking  the  optic  link.  Twice,  the  spool  ran  out  of  cable,  parting  it. 
Once,  the  mud^flap  caught  a  previously  laid  piece  of  cable,  parting  it.  Once,  the  payout  system  bound, 
parting  the  cable.  A  cable  level  indicator  is  required.  Although  running  out  of  cable  occurred  only  twice, 
this  is  the  largest  single  cause  of  cable  destruction.  Missions  are  being  shortened  because  of  this  problem; 
a  fourth  to  a  third  of  driving  time  is  dedicated  to  expending  unused  cable  without  parting  it.  It  was 
discovered  that,  with  minimum  practice,  operators  could  hold  the  surveillance  optics  on  targets  moving 
about  55  mph  at  a  closest  point  of  about  100  meters.  There  is  currently  no  provision  for  repair  or 
replacement  of  broken  cable  during  a  mission.  Lt.  Col  Harper  considers  it  a  priority  to  obtain  a  splicer, 
capable  of  making  quick  field  repairs  in  the  event  of  a  break  during  the  demo.  A  review  of  all  data  collected 
(ref.  Test  Status  Reports  for  2  Feb.  -  1  Mar.  89  and  2-12  Mar.  89)  indicates  that  the  stringency  of 
requiranents  for  a  production  vehicle,  coupled  with  effective  crew  training  should  (»oduce  a  highly  reliable 
syston.  Expanding  the  scope  of  the  system  to  include  a  field  expedient  repair  system  should  produce  a  very 
usable  system. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Unmanned  Ground  Vehicle  (UGV)  Bequency  Suppoitability/EMC,  Letter  Report.  31 

January  1990 

AuthOT(s):  T.  Grove  and  V.  Denny 

OBJECTIVE: 

In  a  series  of  matings  widi  the  Unmanned  Ground  Vehicle  Joint  Program  Office  (UGV>JPO)  ECAC  was 
tasked  to  perform  cotain  tasks  related  to  frequency  suppoctability  and  electromagnetic  ccniqratibility  (EMC) 
for  the  UGV.  Specifically,  Task  1  charges  ECAC  to  detennine  the  frequency  supportability/EMC  issues 
associated  with  the  deployment  of  video  data  links  using:  a)  the  SINCGARS-V  radio  and,  b)  the  1710-1850 
MHz  band.  A  second  task  was  to  have  ECAC  provide  consulting  suf^xHt  to  the  UGV-JPO.  This  tepon 
addresses  Task  1. 

APPROACH: 

Discussion  of  SINCGARS  Frequency  Supportability,  ECAC  SINCGARS  Reports,  and  Power  Coverage 
Plots  (SINCGARS).  In  additian,  discussions  of  1710-18S0  MHz  Band  Frequency  Supportability  and  Power 
Coverage  Plots  (TMAP). 

LESSONS  LEARNED: 

Links  distances  of  30  km  can  be  achieved  using  the  SINCGARS  radios;  however,  in  cosite  situations, 
studies  indicate  that  tink  distances  ate  drastically  reduced  as  the  number  of  cosiied  SINCGARS  radios  in  use 
increases.  Both  the  SINCXjARS  (30-88  MHz)  and  the  1710-1850  MHz  bands  ate  very  congested  and 
promise  to  become  even  more  so  in  the  future.  Firequency  support  at  selected  sites  in  either  of  the  two 
bartds  for  limited  UGV  testing  could  probably  be  achieved.  Frequency  assigtunents  for  the  UGV  tests 
would  likely  be  on  a  non-interference,  unprotected  basis.  Long  term,  woridwide  frequency  support  fm  an 
(qterationai  UGV  system,  even  with  video  aunpressitHi  technology,  does  not  aipear  feasible  in  either  of  the 
two  bands.  Ihe  UGV-JPO  should  attempt  to  better  define  the  frequency  requirements  of  the  UGV  in  terms 
of  emission  bandwidths  and  estimated  number  of  channels  required  for  UGV  systems  in  an  operational 
environmenL  Further,  system  architecture  should  be  examined  regarding  the  practicality  and  lechimlogical 
feasibility  of  using  repeaters  for  non-line-of-si^t  links.  Upon  compledtm  of  the  above,  the  UGV-JPO 
should  commission  a  study  to  explore  frequency  bands  that  could  adequately  support  the  UGV  in  an 
operational  environment  If  pursuit  of  the  SINCGARS  as  a  solution  to  the  UGV  conmunicatiois  needs  is 
omtinued,  considetation  sboohl  be  given  to  having  vdticular  cosite  studies  perfoiroed. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Sum^ate  Teleoperated  Vehicle  (STV),  8  May  1990 

Autbor(s):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

The  objective  of  the  Surrogate  Teleoperated  Vehicle  project  is  to  develop  Unmanned  Gnmnd  Vehicle 
systems  for  delivery  to  Marine  Corps  and  Army  persmmei  in  support  of  the  following  UGV  program 
objectives:  1)  Provide  military  personnel  with  UGV  field  experience;  2)  Develtq)  requireounis  to  siq^xxt 
UGV  Full  Scale  Develoiment;  3)  Support  Early  User  Test  and  Evaluation  (EUT&E)  of  UGV  systems;  mi 
4}  Develop  concepts  of  enqtloymenL 

APPROACH: 

This  documem  includes  inojea  objectives,  technical  apimnch,  schedule,  and  cost  esthnates. 

LESSONS  LEARNED: 

The  STV  d^  link  wiU  provide  the  means  for  infonnatiOD  transfer  between  the  ControOer  and  RP.  Included 
within  this  definition  will  be  equipment  to  conduct  optical  and  radio  frequency  (RF)  data  exchange.  Optical 
data  link  components  will  include  the  fiber  optic  cable,  a  cable  handling  system,  the  electro-optics  module, 
and  a  processor  system.  RF  data  will  be  passed  through  an  RF  data  link.  The  Controller  to  RP  link  will 
be  defined  as  the  Command  link  since  most  of  the  information  passed  in  this  direction  is  used  to  alter  RP 
equipment  functional  modes  or  actuators.  Similarly,  the  RP  to  Controller  link  will  be  defined  as  the 
Instnimentaticm  link  since  this  data  consists  primarily  of  infOTinative  data  feedback.  The  instnnnentatkm 
link  wUl  transmit  two  video  channels,  two  audio  channels,  and  several  serial  data  rhanni»i«  through  a  fiber 
qptic  cable.  Digital  time  division  multiplexing  (TDM)  will  be  employed  to  ctanbine  pulse  code  modulated 
(PCM)  signals  into  a  single  high  data  rate  serial  stream.  Optical  wavelength  divisitm  multiplexing  (WDM) 
of  long  wavelength  lasers  will  be  used  to  provide  simultaneous  two  way  transmissioo  tiirougb  one  low 
loss,  single  mode  optical  fiber.  Optional  means  of  bidirectional  data  flow  using  a  single  wavelength  will 
be  investigated.  The  STV  RF  link  will  be  an  alternate  mode  of  communicatiem,  and  will  be  used  in  the 
evmit  of  o|Kical  fiber  or  electro-optics  failure.  This  mode  ttf  operation  will  be  degraded  in  terms  of  less 
robust.  RF  data  traasmisskm  paths,  reduced  data  handling  capacity,  and,  increased  noise  and  error  rates. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  CooqnessiOQ  Tecimology  for  AUVS  Video  Transmission,  30  July  - 1  August  1990 

AutliorCs):  Richard  A.  SchaitiKKSt 

OBJECTIVE; 

To  describe  three  advanced  annpressioa  techniques  (Discrete  Cosine  Transform,  Vector  (^uantizatitMt,  and 
Bit  Plane  Coding)  and  cott^rare  dieir  complexity  and  compression  performance  with  the  basic  Differential 
PCM  coding  and  Variable  Length  coding  (DPCM/VLQ  approach. 

APPROACH: 

Presented  discussion  on  a  system  overview,  image  conq)ression  techniques,  signal  conditioning,  signal 
processing,  transform  coding,  bit  plane  coding,  quantization,  vector  quantizatitm,  variable  length  coding, 
and  test  results. 

LESSONS  LEARNED: 

DPCM/VLC  perfcmnance  is  superior  to  the  STANAG  5000  technique.  The  Discrete  Cosine  Transform 
(DCF)  and  Vector  (juantization  (VQ)  algorithms  {vovide  a  higher  level  of  cmnpiession  than  DCPM  for  the 
Mme  picture  quality,  but  the  implmitentation  ttchrmlogy  for  DPCM  is  more  mature. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  UGV  Tecb  Base  Coimns  C^le  Handling,  28  August  1990 

Auttaot(s):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

The  objective  of  this  task  is  to  investigate  the  feasibility  of  developing  two  fiber  qitic  cable  handling 
systems  for  an  Unmanned  Ground  Vehicie  (UGV)  system  •  one  to  stq^xxt  training  scenarios  and  another  for 
OHnbat  scenarios 

APPROACH: 

The  approach  in  develqring  a  combination  cable  payout/retrieval  system  will  be  as  follows:  1)  Define 
requirements:  2)  Conduct  maricet  survey  to  investigate  past  Sc.  {uesent  technology;  3)  Assess  possible 
methods  of  employment;  4)  Design  system;  5)  Procure  hardware;  6)  Fabricate  and  test  system;  and  7) 
Deliver  documentaticMi  package  that  satisfies  kmg  term  requirements  a  SO  km  system. 

LESSONS  LEARNED: 

The  training  system  would  be  cq»ble  of  paying  out  and  retrieving  fiber  optic  cable  £mn  a  single  vehicle. 
Cost,  logistics,  and  training-field  maintenance  make  it  desirable  to  perfoon  both  these  operatkms  frixn  a 
siand-altHie  unit,  while  remaining  on  the  same  vehicle  for  both  qiplications.  The  conbat  cable  handling 
system  would  consist  of  a  passive  payout  system  on  dm  remote  vehicle  and  a  cable  recovery  system  on  a 
separate  vehicle  to  retrieve  and  rewind  cable.  During  a  combat  mission,  a  prespooled  cable  padt  would 
allow  free  c^le  payout;  and  after  the  mission,  a  recovery  windei/vehicle  would  retrieve  the  reusaMe  cable. 
Requirements:  Distance/length  •  1  km  (Training).  30  km  (Combat);  Payout  speed  -  0-60  mpb; 
Retrieval/Rewind  speed  -  30  mph  (max.);  Attenuarion  •  Average  loss  of  1  dB;  Power  -  24  vdc;  Human 
factors  -  (Ttdrle  handling  system  set-iQ)  in  S  minutes;  Reludnlity  -  Cable  handlii^  99%  relidrie. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  OPIELECOM  Cable  Handling  System  Test  Results,  4  September  1990 

Autbot<s):  A.  Koyamatsu 

OBJECriY’E: 

Hiis  memo  summarizes  the  work/repairs  and  tests  performed  on  tbe  Optelecam  Fiber  C^c  Od>le  Har^ling 
System  (FOCHS  0.  wbicb  was  purchased  by  tbe  CATERS  program  in  1986.  Tbe  system  has  been  m 
storage  since  1987  after  numerous  cqieratiaiial  failures.  Tbe  objective  of  this  task  was  to  repair  tbe  system 
and  determine  its  cqierational  Umitations  and  capabilities. 

APPROACH: 

Prior  to  starting  tbe  task,  Jim  Clark  of  Optelecmn  was  contacted  to  obtain  further  infonnatiaQ  on  the 
system  he  designed.  According  to  Jim,  tbe  FOCHS  I  originally  was  designed  for  a  13  mm  diameter  fiber 
optic  cable;  however,  believed  our  AT&T  2.5  mm  cable  could  be  used  with  tbe  system.  To  adapt  the 
2.S  mm  cable,  a  4.5  to  5  mm  pitch  is  required  to  assure  proper  windingAmwinding.  According  to  Jim,  tbe 
system  was  rated  to  opema  at  35  oqih,  using  24  Vdc  power.  He  also  menboaed  that  Optelecom's  newer 
FOCHS  I  has  inqjroved  pulley  guides  to  prevent  the  cable  from  'jumping  ofT  the  pulleys  and  has  a  more 
resptmsive  electronics  system  to  keep  tq>  with  payout  and  rarieval  demands. 

LESSONS  LEARNED: 

Tbe  system  was  made  operational  after  installing  two  fuses  and  applying  24  Vdc  power  to  the  wimier  with 
batteries.  The  system  also  includes  a  servo  control  electronics  box.  wbicb  is  mounted  tuljacent  to  the 
winder,  and  a  payout  mast  to  raise  the  cable  above  tbe  vehicle  it  is  mounted  to.  In  conclusion,  it  is 
possible  to  use  the  2.5  mm  AT&T  fiber  optic  cable  with  the  Optelecom  FOCHS  I  system.  Tbe  socage 
capacity  is  1  km  and  maximum  operating  speed  is  15  mpb  (with  a  possibility  of  20  nqdi).  Locatitm  of  tbe 
payout  mast  should  be  near  center  of  vehicle  to  prevent  cable  from  ccming  in  contact  widi  edges  of  vehkle. 
It  is  recommended  that  the  FOCHS  I  system  be  used  with  tbe  TOV  #3  system.  I  am  considering  uring  it 
fm  STV  controller  controls  testing. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  UGV  Cable  Survivability  Analysis  Technical  Report,  12  October  1990 

Autbor(s):  Science  ApplicatitHis  Intem^onal  Corporation 

OBJECTIVE; 

This  report  covers  the  UGV  cable  survivability  requirements  analysis,  including  tte  unties  discussed  at  the 
lecoit  Preliminary  Design  Review  (PDR)  Meeting  held  at  Naval  Ocean  Systems  Center  (NOSC). 

APPROACH: 

A  summary  of  optical,  mechanical,  operational,  and  envirtmmental  requirements  for  the  UGV  cable  is 
given,  along  with  discussion  and  analysis  of  how  particular  operatkmal  requirements  affect  the  cable  design 
and  performance  parameters.  Cable  development  guidelines  are  given  for  the  design,  analysis,  and 
manufacture  of  small  diameter  fiber  opdc  cables.  A  discussion  of  specific  tests  for  evaluating  whether  cable 
performance  meets  the  UGV  cabte  requireinents  is  also  provided. 

LESSONS  LEARNED: 

The  optical  fiber  should  be  buffered  to  about  900-9S0  microns  in  order  to  provide  consistent  optical 
performance  within  the  cable  structure.  The  added  buffer  should  be  a  bard  material,  for  example  HYTREL 
7246  versus  the  softer  HYTREL  5SS6.  The  prevention  of  fiber  break  in  the  cable  during  vehicle  nmover  is 
augmented  by  using  optical  fiber  widi  a  relatively  high  proof  strain  2%),  and  by  insuring  that  the  optical 
fiber  can  move  or  'slip'  axially  within  the  cable  structure  to  relieve  excessive  strain  that  develops  tm 
segments  tr^tped  beneath  the  vehicle  tracks  or  treads.  The  use  of  KEVLAR  (higher  break  strength  cable) 
does  not  help  significantly  within  any  reasonable  overall  cable  diameter  ctmstraint  (fw  example,  2.7  mm 
maxOD).  For  a  KEVLAR  cable  with  the  latter  diamoer  constraint,  a  reasonabk  breaking  strength  range  is 
1(X)  to  2(X}  Ib-f.  Cable  performance  under  conventicmal  (fiat  plate)  crash,  am)  atuasion  resistance  of  the 
UGV  cable  are  not  important  indicatots  of  cable  viability  for  the  UGV  system.  The  bad  l<»s  resistance  of 
die  cable  can  be  inqnoved  by  using  "bend  resistant"  fiber  as  developed  by  NOSC-Hawaii  Lab  in  conjunction 
with  Coming  Glass  or  others.  However,  the  dispersion-sbifted  fiber  imsently  used  imdiabiy  has  enough 
bead  loss  resistance  for  the  ai^licatian.  If  optical  fibers  contmning  slices  are  used  in  die  UGV  cable,  they 
should  be  true  "high-stragdi"  splices  (^  2X30  kpsi  min,  2SO-300  Iqisi  nominal). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Veiucte-Command  Center  Communications  in  a  Robotic  Vebicle  System,  October  1990 

Author(s):  Harry  A.  Scott 

OBJECTIVE: 

To  describe  communication  system  requirements  for  real-time  control  of  multiple  land  vebicies. 
APPROACH: 

Review  aspects  of  NIST  real-time  control  system  (RCS)  architecture  which  apply  to  the  design  of  a  vehicle- 
command  center  communications  link.  Discussion  of  the  cmnmunications  link  itself,  specifically, 
addressing  issues  of  data  contoit,  perfonnance,  communications  architecture,  and  standards. 

LESSONS  LEARNED: 

With  the  use  of  NIST  real-time  control  system  architecture  coupled  with  high  perfonnance  available 
products  it  ^ipears  possible  to  develop  a  well-structured,  extensible,  and  fully  functional  vefaicle-oommand 
center  communications  link. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  STV  500  Mbit/s  Bidirectional  Telemetiy  System,  22  January  1991 

Authot(s);  UoydYano 

OBJECTIVE: 

To  present  a  description  of  the  STV  telemetry  system. 

APPROACH: 

Discussion  of  tbe  vehicle  to  control  station  data  link,  control  station  to  vehicle  data  link,  and  major 
advantages  of  this  system  over  tbe  TOV  system. 

LESSONS  LEARNED: 

The  vehicle  to  control  station  data  link  utilizes  gallium-arsenide  circuitry  and  opeme  at  a  serial  baud  rate  of 
500  Mbit/s.  This  link  suiqxnis  two  digitized  8-bit  video  channels  at  10  Megasamples/s,  two  digitized  12- 
bit  audio  channels  at  52  Ksaiiq>les/s  and  four  serial  data  channels  of  up  to  38.4  Kbaud  each.  Tbe  control 
station  to  vehicle  data  link  <q>erates  at  a  serial  bmid  rate  of  125  Mbit/s  and  consists  erf'  one  delta-modulated 
audio  channel  running  at  a  sample  rate  of  1.5  Msamples/s  and  seven  serial  data  channels  of  tq>  to  38.4 
Kbaud  each.  The  system  eiectrooptics  ctmsists  of  1.3  and  1.55  micron  smniconductor  lasers  for  c^cal 
transmission  of  the  serial  data  through  a  single  mode  diqtersion  shifter  fiber  qptic  cable.  Dichroic  filter 
wavelengdt-divisioa-multiidexers  (WDMs)  are  used  to  optically  duplex  the  two  different  wavdength  signals 
onto  a  single  fiber.  Pinfet  receivers  are  used  to  convert  the  optical  signals  to  electrical  signals.  Optical 
dynamic  range  of  tbe  control  station  to  vehicle  link  is  20  dB  at  1.3  um,  manimtim  sensitivity  is  -29  dBm 
(1  ttW).  Optical  dynamic  range  of  the  vehicle  to  control  station  link  is  17  dB  at  1.55  um.  maximum 
sensitivity  is  -23  dBm  (4  uW),  The  major  advantages  of  this  system  over  tbe  TOV  system  are  tbe 
ledimtions  in  size  and  power  oonsumption.  Gmtrol  station  board  count  is  4  as  cmiqtared  to  13  in  tbe  TOV 
telemetry  system  and  power  consunqititm  is  approximately  6  watts  as  compared  to  20  watts  for  tbe  TOV 
system. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Tactical  Unmanned  Ground  Vehicle  Technology  Review.  20  February  1991 

Author(s):  M.  W.  Miller,  R.  N.  Seitz,  and  D.  L.  Wyatt 

OBJECTIVE: 

To  describe  the  technology  requirements  for  the  TUGV  program,  aunpare  these  requirements  with  current 
technological  ca^bilities.  and  suggest  research  programs  which  will  successfully  field  a  TUGV  in  the 
allotted  time  firame. 

APPROACH: 

Discussion  of  autonomous  and  teleoperaied  vehicles,  human  factor  problems,  MBUs,  RSTA,  OCUs,  and 
communication  systems. 

LESSONS  LEARNED: 

Recommendations  include  RF  backup  link,  development  of  single  MBU  control,  testing  of  the  Picturetel 
4000  and  Videotel  video  image  compressicm  hardware,  identification  of  available  FLIRS  and  image 
imeosifiets,  and  the  use  of  an  inclinometer  in  the  UGV. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


96 


REFERENCE  PAPER  SUMMARY 


REFERENCE! 

Title:  STV  Command  Telemetry  Link  Technical  Specifications,  26  March  1991 

Authoi<s):  Robotic  Systems  Technology.  Inc. 

OBJECTIVE; 

To  present  a  discussion  of  the  STV  telemetry  data  links. 

APPROACH: 

Discussion  of  the  STV  command  telemetry  link  and  the  STV  Wideband  Telemetry  Link. 

LESSONS  LEARNED: 

A  9600  Baud  Full  Duplex  data  link  between  the  Operator  Ctmirol  Unit  (OCU)  and  the  STV  vehicle  is 
required  to  pass  command  data  to  the  vehicle  and  status  back  from  the  vehicle.  The  system  will  be  capable 
of  transmitting  and  receiving  data  over  a  4  kilometer  distance.  There  will  be  a  maximum  of  14  systems  in 
operation  in  a  given  area.  The  frequency  pairs  wiU  be  spaced  on  50  kiloberu  channels  and  the  transmit  and 
receive  freqiKodes  will  have  a  6  MHz  split  (S  MHz  minimum).  Each  system  will  have  a  duplexer  at  each 
end.  The  duplexers  will  be  as  small  and  lightweight  as  practical,  particularly  the  OCU  unit  The  FDX 
units  must  not  generate  any  spurious  radiation  that  would  cause  interference  to  other  systems  on  the  STV 
and  OCU.  Two  wideband  video  transmitters  will  be  located  on  a  remotely  controlled  vehicle.  The  system 
will  be  capable  of  transmitting  two  full  color  signals  with  audio  over  a  minimum  distance  of  4  kilometers 
to  wideband  receivers  located  at  the  Operator  Control  Unit  (OCU).  There  will  be  a  maximum  of  14 
systems  in  operation  in  a  given  area.  The  frequency  pairs  chosen  for  any  vehicle  will  be  spaced  as  far  as 
practical,  with  no  spacing  closer  than  SO  MHz  on  a  given  vehicle.  In  addition,  a  full  duplex  dtua  link 
operaticHi  in  the  142-149  MHz  frequency  band  will  be  operational  cm  each  vehicle.  The  wideband  Hnics  shall 
not  generate  spurious  radiation  that  would  interfile  with  this  link.  The  full  duplex  links  will  utilize  narrow 
band  (20  KHz)  cmnmercial  equiimient  with  vertically  polarized  antennas.  An  additional  voice  receiver  (on 
148.95  MHz)  will  be  located  on  each  vehicle  for  one-way  voice  operation  from  the  OCU.  All  STVs  will 
utilize  the  same  voice  channel. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes  . 
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REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Tide:  Advanced  TecJmology  Vehicle  (ATV)  Testbed,  White  Paper,  March  1991 

Author(s):  Kathy  EKigas  Garcia  and  Wendell  Chun 

OBJECTIVE: 

To  present  a  desaiptiai  of  a  self-contained,  mt^ile  UGV  testbed  being  developed  by  Martin  Marietta. 
APPROACH: 

The  report  was  broken  up  into  the  following  sections;  1)  Introduction,  2)  Testbed  Research  Applications, 
3)  ATV  Testbed  Description,  4)  Martin  Marietta  Resources,  and  S)  Summary. 

LESSONS  LEARNED: 

The  RF  system  consists  of  four  subsystems:  1)  a  very-high  frequency  (VHF)  voiceAone  subsystem,  2)  an 
ultra-high  frequency  (UHF)  remote  control  system.  3)  an  L-band  video  subsystem,  and  4)  an  S-band  data 
subsystem.  The  VHF  voice/tone  subsystem  consists  of  a  General  Electric  MVP  mobile  transceiver  that 
allows  for  ctnnmunications  between  the  remote  control  site,  the  HMMWV,  and  field  personnel/cbase 
vehicle.  The  UHF  Remote  Control  Subsystem  consists  of  a  trassmitter/receiver  pair.  This  transmitter 
control  unit  will  be  used  by  field  personnel  to  status  and  override  several  levels  of  vehicle  control  for  safety 
purposes.  The  L-band  Video  Subsystem  consists  of  four  Harris  FV2MF  transmitters  for  video  and  audio. 
Cole  has  indicated  that  color  "eidiances  detectitm  and  recognition  in  natural  terrestrial  scenes  as  well  as  in 
other  unfamiliar  scenes  containing  color  coded  information."  In  a  study  where  target  features  in  the 
environment  were  not  color  coded,  no  difference  was  found  between  color  and  monochrome  conditions. 
Many  studies  have  been  conducted  regarding  the  effects  of  stereo  video  on  operator  performance  and  have 
shown  that  stereo  enhances  performance  for  tasks  requiring  three-dimensional  (3-D)  perceptual  infotmatkHi. 
However,  a  study  by  Kim  showed  that  atmoscopic  displays  can  result  ih  equivtdent  performance  when 
appropriate  parameter  values  are  selected  and  visual  enhancement  depth  cues  ate  presentedAlso.  a  study 
conducted  under  Indqpendent  Research  and  Development  (IR&D)  projea  D-9(SD  with  static  images  showed 
no  performance  advantage  for  stereo.  It  is  unknown  if  the  perfotmance  benefits  of  stereo  video  are  mitigated 
as  display  size  is  decreased  below  sane  minimum  size. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Test  Summary  Report,  STV  C^le  Payout  System,  April  1991 

Autlior<s);  Science  Applications  International  Corporation 

OBJECTIVE: 

To  present  a  summary  of  the  results  of  a  developmental  test  for  a  cable  payout  system. 

APPROACH; 

Background  information  concerning  a  cable  handling  system;  summary  of  test  results;  conclusions;  and 
general  discussion. 

LESSONS  LEARNED: 

Cable  stiffness  and  jacket  smoothness  comparable  to  the  Airlayable  cable,  t^)e  (equivalent  to  military  duct 
tape)  at  the  OD  essential  for  maintaining  last  layer  stability,  smooth  inner  tube  essential  to  eliminating 
tangling  due  to  outer  cable  loops  colltqtsing,  cable  pack  OD  should  not  exceed  21”,  and  a  0.25"  winding 
pitch  should  be  maintained. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  STV  Cable  Payout  System,  C(»tract  Summary  Report,  April  1991 

Autbor(s):  Scienoe  Ai^Ucaiioas  International  CoipOTaboo 

OBJECTIVE: 

To  present  a  summary  of  ail  work  performed  in  support  of  tbe  STV  Cable  Payout  System  de  veit^ment. 
APPROACH: 

Discussion  of  cable  payout  test  plan,  cable  payout  test,  cable  backup  system,  and  caUe  level  gauge. 
Copies  of  tbe  conceptual  design  of  cable  backup  system  and  tbe  cable  level  gauge  are  included  as 
appendices. 

LESSONS  LEARNED: 

Active  payout  scheme  cnosen  for  cable  lockup  syston.  Use  of  an  optical  sensor  for  low  cable  warning 
system  provides  a  high  level  of  reliability  compared  to  a  system  relying  on  physical  cootaa  between  tbe 
cable  and  tbe  sensor. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFEKENCE: 

Title:  STV  Cable  Payout  System,  OMe  Level  Gauge  and  Cable  Backup  System,  Engineerisg 

Sketclies,  Af»ii  1991 

Author(s):  Sdeoce  Aiqtlicatioas  International  Cmporaikuis 

OBJECTIVE: 

To  ]»ovide  engineering  sketches  associated  with  the  concqmial  design  of  the  cable  level  gauge  and  the  c^jle 
backup  system. 

APPROACH: 

Two  sketches  were  included  for  the  cable  level  gauge  design  entitled  Cable  Level  Gauge  Sensor  Placement 
and  Modes  of  Operation,  and  Cable  Le>^  Gau^  Hardware  Coongoration.  Three  sketches  were  included  for 
the  cable  backup  system  which  are  entitled  Cable  Backup  System  Configuration.  Cable  Backiq)  Syston 
Mode  Up  ConfiguratitHi,  and  Schematic  of  Cable  Baclaq>  System  Coiurd  Electronics. 

LESSONS  LEARNED: 

Reflective  t^  used  with  the  optical  sensor  to  determine  cable  level.  Estimated  dimensioDs  for  the  caUe 
backup  system  mode  up  configuration  are  12"xl4''x4*  deep.  Pittman  servo  motor  with  60  iihoz  at  2000 
RPM  was  used. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Field  Splice  for  Single  Optical  Fiber,  Kevlar-Strengtbened  Cable.  16  July  1991 

Aatborfs):  GeraidoNDaguio.  Dolores  M.L.Daguio,  and  Rt^xrtM.Bato 

OBJECTIVE: 

The  purpose  of  this  inventioo  is  to  provide  a  means  for  rq>id  repair  of  single  optical  fiber  cables  with  non- 
metallic  strength  members  in  a  tactical  environment  when  ^paie  cables  are  either  imavaihdrle  or  impractical 
to  deploy.  In  addidcm.  the  splice  should  meet  the  following  criteria:  a)  small  in  size  (splice  lengdi  mi 
diameter)  so  the  repaired  cable  can  be  smoothly  recovered  and/or  redeployed  using  convcoticma)  winding  or 
spooling  techniques,  b)  provide  low  optical  splice  loss,  c)  ^le  to  be  performed  within  a  short  period  of 
time,  d)  retain  sufficient  break  strength  of  the  cable  to  allow  it  to  be  recovered  and/or  redeployed  using 
conventional  winding  ot  spooling  techniques,  and  e)  simple  enough  to  require  very  little  training  to 
perform. 

APPROACH: 

Discussion  of  background  information,  descr^tion  and  operation,  advantages  and  new  featuies,  and 
alternatives. 

LESSONS  LEARNED: 

Conventional  techniques  for  repairing  optical  fiber  c^les  with  non-metalUc  strength  members  tyfrically 
utilize  fiisioo  sidicing  or  mechanical  ^Uoes  to  reconnect  the  optical  fibers  and  a  splice  bousing  to  hold  and 
IHOtect  the  aligned  fibers  and  provide  strength  for  the  spliced  area.  Fusion  slicing  for  repairing  optical 
fibers  is  unsuitable  for  use  in  a  tactical  environment  because  1)  it  requires  the  use  of  electrically  powered 
equipment  whidi  could  induce  erqtlosioo  hazards  and  2)  the  equqxnent  requires  skilled  operaots.  Dependii^ 
upoi  the  operaio’s  technique  used  to  apply  this  new  non-metallic  strength  member  wr^p,  the  cooqdeted 
splice  can  be  as  small  as  0.20  inches  (5.0  millimeters)  in  diameter  and  less  than  3.0  inches  m  length.  A 
splice  of  this  size  can  be  respooled  onto  a  reel  if  the  caUe’s  radius  of  curvature  a  the  qrlice  is  Rifficioitly 
large  compared  to  the  qrlice  length.  The  field  installation  requiremoit  roles  out  any  sjdicing  method 
requhing  adhesives  because  of  the  time  factor  for  curing  the  adhesive  and  £rt»n  tte  stant^int  td 
contaminating  the  atfiiedve  in  die  field. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Tecb  Base  Cable  Payout  Test  Results,  10  September  1991 

Authoits):  A.  Koyamatsu 

OBJECTIVE; 

On  S  September  1991,  two  UGV  Prototype  cables  were  optically  monitcned  during  payout,  tben  and 
rewound  during  retrieval.  STV  cable  payout  and  rewind  ba.'Tlware,  including  tbe  split-tube  payout  conduit, 
was  used  for  this  test.  Tlus  memo  discusses  tbe  test  results. 

APPROACH: 

Discussion  of  Set-Up,  Payout  Performance,  Optical  Performance,  and  Recommendations. 

LESSONS  LEARNED: 

Tbe  payout  pack  included  S.O  km  of  2.0  mm  cid>le  on  tbe  first  spool  and  4.8  km  of  2.5  mm  cable  on  tbe 
second  spool.  Tbe  fiber-optic  coupler  connecting  tbe  two  cable  lengths  had  difficulty  passing  tbrougb  tbe 
funnel,  going  into  tbe  payout  conduit  The  coupler  had  to  be  manuaUy  pulled  out  to  avoid  damage.  Dining 
payout  of  tbe  first  4  km  of  tbe  2.0  nun  cable,  tbe  qptical  power  meter  showed  -34.97  dB,  drcqiped  to  -35.5 
dB,  and  rose  back  to  -35.  dB.  At  tbe  start  of  tbe  last  1  km  of  paymit  there  was  a  break  in  die  optical 
ctmtinuity;  however,  there  were  no  visible  flaws  on  tbe  cable's  out  jacket  Fonber  ltd)  analysis  concluded 
that  there  were  at  least  two  breaks  in  tbe  2.0  mm  cable.  Prior  to  tangling  at  tbe  last  100  m.  the  2.5  mm 
cable  went  Crmn  -31.34  dB  to  -31.94  dB.  Tbe  tangle  caused  tbe  attenuation  to  rise  -3  dB.  Further  lab 
analysis  concluded  that  the  3  dB  attenuadon  rise  came  fiom  a  factory  installed  optical  splice,  wbich  was 
-0.5  dB  before  payout  Limit  tbe  amount  of  2.5  mm  cable  to  be  wound  onto  tbe  qiool  to  4.6  -  4.7  km. 
This  will  avoid  over-packing  of  die  spool.  If  a  dedsion  bad  to  be  made  at  this  point  as  to  wbkb  cable  was 
superitn,  1  would  bave  to  conclude  tbat  tbe  2.0  mm  was  not  acceptable  becmise  of  tbe  numoous, 
unexplained  bretdcs  in  tbe  5  km  length  tested.  Hence,  tbe  2.5  mm  cable  proved  (for  this  test)  that  it  is 
capable  of  surviving  a  typical  p^outArewind. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


103 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Unmanned  Ground  Vducle  Data  Link  Analysis,  Final  Report.  18 1«l»nary  1992 

Auttx}i(s):  Dr.  James  Baumann  and  Keith  Tboo^Mon 

OBJECTIVE: 

To  perform  system  and  subsystem  analysis  ami  research  required  to  support  the  assessment  of  the  data  link, 
controller  and  interface  between  the  Operator  Control  Unit  (OCU)  and  the  Surrogate  Teleoperated  Vehicle 
(STV);  and  analysis  of  the  FEedback  Limited  Control  System  (FEUCS)  in  order  to  assess  its  integration 
inU)  the  STV  system. 

APPROACH: 

Review  the  Army  Operational  and  Organizational  (OftO)  nan,  the  Marine  Initial  Statement  of 
Requirements  (ISOR)  document,  the  Trade-Off  Determination  (TOD),  and  the  Trade-Off  Analysis  to 
determine  the  impaa  of  each  on  the  Tactical  Unmanned  Ground  Vehicle  (TUGV)  system  requirements. 

LESSONS  LEARNED: 

Recommended  that  the  primary  and  the  badcup  communicaiioos  link  between  the  OCU  and  the  Mobile  Base 
Unit  (MBU)  be  fiber  t^Kics  and  SINCGARS  (RF),  reqrectively.  Also  recommended  that  SINfXjARS  be 
used  as  the  cornmimkations  link  between  the  OCU  and  supported  elements. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Report,  DoD  Fiber  Optic  Conferenoe,  28  March  1992 

Autbor(s):  Leon  Joiy 

OBJECTIVE; 

To  attend  the  3nl  Biennial  Depamnent  of  Defense  Fiber  Optics  Coofeienoe. 

APPROACH: 

Attended  various  exhibits  and  the  following  me^ngs:  Fiber  Optic  Payout  DeveIoi»nent,  Optical  Sensors 
for  Land  Applications,  Optical  Sensors  for  Environmental  Control,  Advanced  Develqsnents  in  Bber 
Optics,  Fiber  Optic  Payout  Systems,  Qualification/Implemeotation  Experiences,  Secme  Ctnnmunications 
&  Technical  .^^cations,  and  Industry  IR&D. 

LESSONS  LEARNED: 

Chanu^stics  of  cunent  single  mode  fiber  are  sufficient  for  handling  present  and  future  data  rates  for 
tactical  UGVs.  Die  fiber  siqiptHted  by  transmitters  and  receivers  at  both  ends  should  support  data  rates 
approaching  200  mbps.  With  one  or  more  transmitter  diodes  (or  lasers),  it  is  expected  that  as  many  as  8 
channels  of  digital  cdor  video  could  be  simultaneously  down  linked  vriiicb  exceeds  anticipated  requirements 
for  one  to  three  3.5  mhzcoitK' video  rignals.  Clable  strength  and  durability  qipear  to  be  more  than  adequate 
for  current  needs.  Vehicles  have  repeatedly  driven  over  the  fiber  and  the  fiber  has  been  wrapped  aromd  the 
tire  of  a  HMMWV  and  driven  distances  resulting  in  at  least  10,000  passages  of  the  tire  over  the  fiber 
without  breaking  the  fiber.  During  COEE,  the  fiber  cqitic  cable  was  inadvertently  wrtqjped  around  the  axle 
several  times  before  breaking  the  fiber.  Ignoring  potential  nuclear  hardening  prcAlems  with  fiber,  the 
oveiaU  risk  associated  with  the  production  and  performance  (rf  fiber  optic  cable  is  acceptable.  Odierthanthe 
logistics  proUems  associated  with  retrieving  fiber,  the  main  disadvantage  of  fiber  is  it's  cost  ($1.50  per 
meter)  and  weight  (roughly  15  lbs  per  kiitnneter).  Cost  of  fiber  is  not  likely  to  dn^  appreciably  unless 
several  programs  use  the  same  fiber  and  contract  for  large  productkm  runs.  Pigtail  should  be  funded  as  a 
memis  of  Aviating  die  problems  associated  with  the  cable  gettiiig  wrqiped  around  the  axle. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  High-Ratio  Bandwidth  Reduction  of  Video  Imagery  for  Remote  Driving,  20  -  22  April 

1992 

Autboifs):  Date  R.  Shires,  Frank  F.  Holly,  and  Phillip  G.  Hamden 

OBJECTIVE: 

This  papa  describes  two  techniques  used  to  produce  low-data-rate  transmissions. 

APPROACH: 

Image  compression  is  performed  by  an  algoithm  designed  to  implement  the  new  Joint  Photographic 
Experts  Group  (JPEG)  oanpresskm  standard.  In  the  second  step,  a  90-to-l  bandwidth  reductitm  is  achieved 
by  transmitting  only  tme  frame  every  3  seconds  radra  than  the  usual  30  frames  pa  seotmd.  By  itself,  diis 
is  unacceptable  frtun  a  human  factors  viewpoint  because  of  the  large  voids  in  the  visual  information 
presented  to  the  remote  t^ieraior.  ‘Ihetefcue.  we  have  developed  an  image  processing  algoithm  that  creates 
simulated  dynamic  imagery  (synthetic  optic  flow)  during  the  3-second  intervals.  That  is,  each  period 
consists  of  one  "teal"  frame  and  89  synthetic  tmes. 

LESSONS  LEARNED: 

The  JPEG  produces  a  bandwidth  reduction  ratio  of  2S-to-l.  By  transmitting  one  frame  every  3  seconds,  die 
achieved  bandwiddi  reduction  rado  is  90-u>-l .  Therefore,  die  overall  bandwidth  reduction  ratio  is  25  x  90  > 
2250  to  1.  The  result  is  smoothly  flowing  imagery  whidi  ^ipears  very  close  to  that  produced  by  full 
bandwidth  transmission.  It  can  be  seen  that,  because  of  the  fasta  movement  and  expansion  in  the 
foreground,  there  is  some  resolution  loss  in  the  foreground  in  the  lata  synthetic  frames,  bu  the  major 
features  are  sdll  clea.  Furthermore,  the  loss  of  resolutioo  does  not  ^qiear  to  be  troubling  to  the  operator  in 
viewing  the  actual  dynamic  imagery  perhaps,  in  pert,  because  it  is  immediately  followed  by  a  teal  frame 
containing  full  resolutkm. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Demonstratioo  of  a  Unique  Method  for  Remotely  Driving  a  Ground  Vdiicle  Using  Only 

Nanow-Band  RF  Communicadmis  Links,  20  May  1992 

Audxnfs):  Dynamic  System  Technologies  Incoipcraied 

OBJECTIVE: 

To  present  the  results  of  a  contract  effort  to  demonstrate  the  FELICS  a>ncq)t  tm  a  test  bed. 

APPROACH: 

SectitHi  1  is  an  introducdon  to  the  repmt.  Section  2  describes  the  FELICS  ccmcept,  followed  by  a  qredfic 
description  of  the  demcmstration  system  equipment  in  section  3.  Sectitm  4  discusses  the  functional 
attributes  of  the  demonstration  system.  Section  S  discusses  the  demonstration  itself  and  the  results  are 
presented  in  section  6.  A  final  summary  and  cmiclusions  drawn  ate  presented  in  sectimi  7. 

LESSONS  LEARNED: 

Control  of  the  skid-to-steer  vehicle  using  FELICS  was  demonsttated  at  a  range  of  frame  rates,  down  to  1 
picture  every  3.5  seconds  (0.3  pictures/sec),  at  a  range  of  vehicle  speeds  up  to  10  meters/sec  (about  22  miles 
per  hour).  This  control  was  achieved  with  sufficiently  precise  control  to  go  around  the  test  track,  and  to 
perform  Upturns  within  the  width  of  the  lest  track.  An  operatOT  can  be  trained  to  use  FELICS  in  tea  to 
twenty  minutes.  Experience  in  driving  the  vehicle  being  controlled  is  ctnnpletely  unnecessary.  The 
principal  operator  of  the  OCU  demcmstration  has  never  driven  a  skid>to-steer  vehicle  mher  than  through 
FELICS.  From  a  control-system  stanc^mt,  control  of  a  skid-to-steer  vehicle  is  a  mcxe  difficult  task  than 
control  of  a  steered-wheel  vehicle,  because  of  tite  ncm-linear  steering  characteristics  and  their  wide  vatimian 
on  different  types  of  surface.  At  Demo  I,  DSH  demonstrated  control  of  tlm  test  vehicle  cm  the  only  two 
types  of  surface  available  at  the  test  site:  a  prepared  tracdc  coveted  with  loose  dirt,  and  a  mudi  firmer  grassy 
surface.  Other  DSTI  testing,  however,  has  shown  excellent  controllability  on  a  much  wider  range  of 
surfaces,  from  dry  asphalt  to  slippery  mud.  a  significant  advantage  to  the  combination  ctf  FELICS  and  skid- 
to-steer,  is  that  the  operator  is  afforded  unlimited  freedon  in  maneuverability.  The  cqteratcn-  is  not 
ctmstrained  to  any  mm  radius  and  therefore  does  not  need  to  be  concerned  about  that  afreet  of  the  vehicle. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  An  Assessment  of  the  Survivability  of  Fiber  Optic  Cable  for  tbe  Tactical  Unmanned 

Ground  Vehicle,  29  July  1992 

Autboifs):  Erika  M.  Swinstm  and  Virginia  Young 

OBJECTIVE: 

The  nijiin  (^ecdve  of  this  test  was  to  evaluate  several  mechanical  aqiects  of  fiber  cable  and  to  assess  its 
feasibility  for  aj^Ucatioo  to  the  TUGV. 

APPROACH: 

Tests  were  performed  to  evaluate  tbe  lightest  weight,  fiber  optic  cable  that  could  withstand  nigged, 
battlefield  environments.  Tbe  three  mechanical  tests  perfcsmed  woe:  1)  Tensi  Strength  (measures  a 
cable's  ability  to  resist  being  pulled  ^lart);  2)  CcHnpression  (measures  a  cable's  ability  to  resist  signal  loss 
as  a  result  of  being  driven  over  by  a  vehicle):  and  3)  Bending  Test  (measures  a  cable's  ability  to  resist  signal 
loss  as  a  result  of  being  driven  over  by  a  vehicle). 

LESSONS  LEARNED: 

Conclusions  indicate  that  fiber  optic  cable  is  snrvivable  for  tbe  TUGV  apidication.  Field  tests  at  Fort 
Hunter  Liggett  have  shown  that  for  payout  100  lbs  tensile  strength  is  recommended.  This  means  only 
Brand  Rex  failed  to  meet  the  requirement  OCC  #1,  OCC  #2,  AT&T,  and  Belden  will  exceed  the 
requirements  fm  payout  Ihe  bending  and  compression  test  gave  good  indicatitHis  as  to  ^ch  cabtes  could 
handle  "drive  over."  OCC  #1,  OCC  #2,  and  AT&T  performed  best  in  micro-bending.  For  oonqiressitm 
AT&T  and  OCC  #2  were  well  suited.  Belden  and  Brand  Rex  do  not  ^qiear  to  have  adequate  survivalnlity 
for  tbe  TUGV  triplication.  For  tensile  strength  Belden  out  perftnmed  tbe  other  cables.  This  can  be 
attributed  to  the  faadtat  it  had  a  larger  diameter  and  two  jackets.  OCC#l  performed  better  than  Belden  and 
Brand  Rex  overall.  However,  it  did  not  do  as  well  as  OCC  #2  and  AT&T.  For  use  with  tbe  TUGV  project 
I  recommend  AT&T  and  OCC  #2.  Since  tests  came  out  dose  (»  both  brands  it  was  decided  m  recommend 
both. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  A  Low>Cost  Multichannel  Digital  Fiberoptic  I  -ink 

Autlioi<s):  Donald  G.  Kranu  and  Roger  D.  Steen 

OBJECTIVE: 

This  p^ier  describes  the  low-cost  digital  fiben^tic  ttansmitter/receiver  circuit  card  set  developed  by  Alliant 
Tecbsystems  during  the  TeleScout  program.  The  p^ier  describes  the  overall  concept  and  die  detailed  design 
of  die  board  set,  including  Mock  diagrams. 

APPROACH: 

I^scussion  of  the  original  purpose  of  the  link,  other  possible  iqqilications,  {ut^ected  uses,  major  design 
constraints,  video  subsystem,  audio  subsystem,  and  data  channels. 

LESSONS  LEARNED: 

Cwnmunicaiion  requirements  between  the  TeleScout  and  the  Operator  Control  Station  (OCS)  include:  1) 
stereo  driving  video  (two  diamiels,  RS-170A),  vehicle  to  (XIS,  2)  digital  status  (about  100  bits/second), 
vehicle  to  OCS,  3)  three  audio  channels  (20  kHz  minimum  bandwidth,  40  kHz  preferred),  vehicle  to  OCS, 
4)  digital  control  (about  SOO  bits/sec),  OCS  vehicle,  5)  audio  channel  (3  kHz  minimum),  OCS  to  vehicle, 
6)  minimum  communication  distance  of  10  km,  7)  additional  video  channels  to  allow  operating 
recrmnaissanoe  and  surveUlance  cameras  simultaneously  widi  the  driving  cameras  (vdiicie  m  OCS),  8)  audio 
talk-back  between  the  safety  rider  and  the  teleopetator,  9)  video  sync  charmel,  OCS  to  vehicle,  to  allow 
syncing  with  test  recording  equipment  and  genlock  of  the  onboard  cameras,  10)  spate  digital  cmittDl 
channels  to  allow  expanding  the  vehicle  payload  systems,  11)  increased  fiberoptic  drive  capability  (design 
margin,  noise  immunity,  compensation  for  vaiiadoDs  in  light  levels  due  to  cable  flexing  nuitioo),  and  12) 
ability  to  use  a  single  fiber.  The  set  as  configured  is  cspable  of  transmitting  four  channels  of  NTSC  (RS- 
170A)  video,  four  40  kHz  audio  channels,  and  three  2.5  MBaud  serial  (hgital  instrumentatuxi  Hmimeif. 
directitm,  on  one  single-mode  fiberoptic  cable.  The  mixture  of  video/audio  and  digital  instnim«nu>tirtn 
channels  can  be  easily  modified.  The  cost  of  a  laoductUm  bi-directional  system,  indoding  laser  drivers  with 
a  30  km  range,  could  be  as  low  as  $8,000  (ruggedized  but  not  MCL-STD). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Hber  Optic  Link  Concept  for  Caleb  (Tactical  Ihunanned  (jround  Vehicle) 

AutboKs):  Steve  Koutsontis 

OBJECTIVE: 

To  describe  the  fiber  optic  link  concept  to  be  used  for  the  Caleb. 

APPROACH: 

Discussion  of  the  proposed  single  mode  single  fiber  cable  to  be  used  in  Claleb,  fiber  optic  link  budget, 
previous  (TECOM  experience  with  fiber  optics,  light  source  trade-off,  detector  trade-off.  oanponent 
selection,  and  advantages  of  using  fiber.  Also  included  was  a  table  c(aiq)aring  several  navigatimi  units. 

LESSONS  LEARNED: 

Characteristics  of  prcqx)sed  single  mode  single  fiber  cable:  outer  diameter  -  2,5  mm  (max);  attenuation  - 
0.5  dB/km  at  1310  nm/0.3  dB/km  at  1550  nm;  bandwiddi  -  >  50  GHz-km;  radiation  bard;  stable 
performance  versus  temperature;  immune  to  EKO;  and  weight  -  6  kg/km.  The  fiber  optic  cable  assembly 
(SFOCA-3)  was  chosen  because  of  its  low  loss  dharacteristics,  small  diameter,  low  weight,  ease  in  payout 
(soft  structure),  and  overall  ruggedness  ftff  use  in  tactical  enviroiunents.  The  light  source  (laser  diode)  was 
chosen  because  of  its  high  bandwidth,  small  q)ectral  width,  and  higher  power  coupling  efficiency.  These 
characteristics  are  necessary  for  low  dispersion  and  crosstalk  for  the  proposed  full-duplex  wavelength 
divisioo  multiplexed  sy^em  over  a  single  fiber.  The  detector  chosen  was  a  pin  photodiode.  Wavelengdi 
division  couplers  are  necessary  fw  full-duplex  coaununication  over  a  single  fiber.  Advantages  of  umg 
fiber  include:  1)  can  support  multiple  video  signals  because  of  its  inherently  large  bandwidth,  2)  conforms 
to  Caleb  stealth  requirement  (no  RF  signature),  3)  usiug  t^tical  switches  and  couplers,  a  single  control 
statkm  can  be  configured  to  control  several  Calebs,  and  4)  field  jnoven  technology.  Projected  fiber  optic 
link  cost  (including  cables,  0/E  and  E/0  interfaces,  and  packaged  30  km  continuous  length  cable  for 
dqrloymenOwillbeontheotderof  $40K  for  qtuntities  greater  than  500.  Advantages  of  using  RF  ate:  non 
tethered  vehicle  allocatirm  considerations.  Disadvantages  of  using  RF  include:  1)  frequency  bandwidth 
aUocadoo  consideratioDS,  2)  2-4  radios  required,  3)  excessive  system  weight,  4)  potetuial  voice  override  if  in 
net,  5)  power  consumption,  6)  intensive  voice  cmnisession  requirements  for  NLOS,  7)  potential  cosite 
intmference  of  multqrte  antennas,  8)  antennas  requited,  9)  security  issues  of  RF  link  dqpending  on  radio 
type,  and  10)  wideband  requires  line  of  sight  consideratioriAelay  may  be  requited  for  system  siq)port 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Human  Factor  Issues  Associated  witb  Image-CompressiOD  for  Low  Data  Rate  Remote 

Driving 

AutborCs):  Tamara  Adlin 

OBJECTIVE: 

To  outline  the  human  factms  issues  inherent  in  the  transmission  of  video  data  over  a  low  bandwidth  secure 
radio  channeL  necessary  for  battlefield  teleopeiation  of  remote  platforms. 

APPROACH: 

Discussion  of  the  low  data  rate  remote  driving  project,  the  problem  of  human  furtors  for  image- 
ctnnpression,  the  remote  driving  task,  the  Oak  Ridge  Natitmal  Laboratory's  compression  system,  contrast 
and  resolution,  field  (rf  view  (FOV),  foveal  windows,  frame  rate,  color,  dqMfa  percqition,  stereoscopic  video, 
depth  cue  augmentaticm,  orientational  awarem^s,  motion  sickness  and  fatigue,  and  training. 

LESSONS  LEARNED: 

FOV  afforded  to  the  qierator  is  critical  to  his  or  her  ctmfidence  and  ability  in  remote  driving.  Tbecamera 
currently  specified  for  remote  driving  imagery  at  HEL  has  a  horizontal  POV  of  55  degrees.  The  human 
binocular  FOV  is  almost  elliptical,  covering  ai^noximately  190  degrees  horiztmtally  and  100  degrees 
vertically.  Ibe  covered  area  includes  peripheral  vision,  of  increasingly  lower  resolution  with  distaoce  from 
the  foveal  region.  A  narrow  FOV  is  fine  for  driving  on  paved  roads  witb  well-defined  edges,  and  some 
aspects  of  the  off  road  driving  task  can  be  well  served  by  narrow  FOV,  high  resolution  cameras.  Ihe  foveal 
window  is  (me  of  the  most  effective  means  of  reducing  transmission  rates.  It  is  necessary,  however,  to  re¬ 
examine  the  design  of  the  foveal  window.  Remote  driving  experimces  at  HEL  have  led  to  htunan  factors 
researchers  to  believe  that  high  frame  rates  are  extremely  important  to  the  (iterator.  Smooth  motion  is 
familiar  from  on-board  driving  experience.  Jumpy,  low  frame  rate  vkleo  is  difficult  to  trust.  It  is  difficult 
to  believe  that  the  video  is  "keeping  up”  witb  the  vehicle  and  to  trust  that  nothing  will  suddenly  p(^  up 
into  view  to  late  to  perform  avoidance  maneuvers.  Color  video  requires  three  times  more  image 
transmission  than  black  and  white  video;  however,  color  video  provides  contextual  infnmation  over  the 
whole  image,  improves  depth  percqxion,  and  defines  obstacles  where  they  might  otherwise  blend  into  the 
bad^round. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


111 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Lightwei^t  Tactical  Single-Mode  Fiber  Optic  Cable 

AutboKs):  A.  Nobtmaga 

OBJECTIVE: 

This  will  review  the  (tevelo(Hnent  of  the  present  cable  design  including  the  selecticm  of  the  optical 
fiber,  strength  member  jacket  material,  and  manufacturing  methods.  Included  is  a  summary  of  all  the  cable 
designs  tested,  the  test  methods  used,  and  those  test  results  which  led  to  specification  of  die  i^esent  design. 

APPROACH: 

Discussion  of  cable  requiremenu.  preliminary  cable  designs,  cable  testing,  jmsent  cable  design, 
manufacturing  prdMems,  mi  conclusions. 

LESSONS  LEARNED: 

A  compressive  load  test  was  performed  on  the  sevra  remaining  cable  designs.  All  the  cables  were  subjected 
to  4,450  N  load  with  no  visible  defonnation  of  the  cable  jackets.  The  goal  of  this  cable  development 
program  was  to  develop  a  tactical,  single-mode  fibm^  optic  cable  meeting  the  following  requirmnents: 
protection  for  a  single  optical  fiber,  high  quality  optical  transmisaon,  and  mmimiim  cable  diameter  (<  2.0 
nun)  and  weight  (<  6.8  kg/km).  Cable  ranging  from  1.0  mm  to  2.5  mm  were  tested  to  arrive  at  the  presem 
cable  design.  Test  results  were  used  to  evaluate  cable  design  qrproaches  and  aided  in  material  selection. 
Trial  run  lengths  of  present  cable  were  received  in  July  1987.  Hus  cable  had  a  2.1  mm  overall  diameter 
cable  with  a  polyurethane  jadcet  and  KEVLAR  strength  monbers  and  weighed  5  kg/km.  It  had  a  n  average 
attenuation  of  0.45  dB/km  and  0.3  dB/km  at  1310  and  1550  nm,  respectively.  During  temperature  cycling 
the  cable  exhibited  an  attenumion  increase  of  029  dB/km  at  1550  nm.  Recent  improvements  on  optical 
fiber  design  indicaie  that  cables  with  better  t^cal  qualities  can  be  produced.  Diqjersion  shifted  optical 
fibers  could  improve  the  temperature  cycling  perfonnance  of  the  cables.  Vfith  the  addidon  of  this  new  fiber, 
then  a  truly  tactical  single-mode  fiber  optic  calde  can  be  produced. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  PRECOM  (PREdictive  coding  using  the  CQsine  transfonn  and  Motion  compensation);  A 

TV  Comiwession  System  for  Moving  Vehicles 

Authorfs);  Delta  Information  Systems,  Inc. 

OBJECTIVE: 

To  provide  a  description  of  the  PRECOM  compression  system  for  moving  vehicles. 

APPROACH: 

Discussion  of  system  considerations,  image  format,  and  the  PRECOM  algorithm. 

LESSONS  LEARNED: 

The  fiincticHi  of  the  PRECOM  system  is  to  digitize  video  signals  produced  by  cameras  in  a  moving  vehicle, 
and  to  reconstitute  the  original  video  signals  at  a  remote  location  after  transmission  over  a  radio  link.  The 
data  rates  {noduced  by  the  Encoder  in  the  vehicle  roust  be  very  low,  in  order  that  the  digital  signal  can  be 
transmitted  over  low  bit  rate  radios.  The  Encoder  shall  accept  RS-170  nmnochrome  video.  The  Decoder 
sbaU  produce  RS-170  monochrome  video.  Forward  Error  Correctimi  (FEQ  will  be  used  to  reduce  the  bit 
errors  caused  by  the  radio  link.  The  goal  is  to  provide  useful  images  at  a  random  bit  error  rate  of  one  error 
in  2,000  bits  (S  x  10  -4).  The  system  shall  provide  three  q)erator-selecuble  horizcmtal  resolutions;  128, 
256,  and  512  pixels  per  line.  The  vertical  resolution  shall  be  240  lines  per  frame.  The  system  shall 
provide  five  operator-selectable  field  rates;  IS,  10,  7.5,  6,  and  5  fields  per  second.  In  addition,  a  freeze 
frame  mode  shall  be  [novided  that  will  encode  a  selected  field  with  the  best  possible  resolution.  In  order  to 
increase  compression  even  further,  foveal  vision  is  employed,  wheref  ^  the  clarity  and  accuracy  of  the  image 
varies  over  the  field.  The  highest  resolution  is  used  near  the  center  of  the  field,  with  the  resolution 
gradually  decreasing  towards  the  edges  and  comers  of  the  image.  This  is  achieved  by  varying  the  coarseness 
of  quantization  or  the  highest  frequency  coefficient  used,  or  both,  over  the  field.  Thus,  the  bits  that  are 
saved  in  coding  the  comers  can  be  used  to  make  the  center  of  the  image  as  clear  as  possible. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Preliminary  Procedures  for ,  and  Preltminary  Results  <rf,  UGV  CaWe  Survival  Tests 

Autboefs):  Jadk  E.  Hoizsebuta 

OBJECTIVE: 

To  present  procedures  for  testing  UGV  cable  survivtdtility  and  preliminary  test  results  for  several  candidae 
UGV  cables. 

APPROACH: 

This  memo  discusses  the  cables  tha;  were  tested,  the  test  procedures  used,  and  the  results  of  the  tests,  in  dtat 
Oder. 

LESSONS  LEARNED: 

In  this  particular  test  series,  the  air  layable  cable  denumscrated  a  amiability  to  survive  far  more  abuse  than 
either  of  the  AT&T  catties.  Of  the  two  AT&T  cables,  the  one  with  the  tougher  buffer  material  survived 
longer.  The  failure  mode  for  the  AT&T  cables  seemed  to  be  abrasion  of  the  outer  jacket,  resulting  in 
exposure  of  the  buffered  fiber,  with  subsequent  breaking  of  this  ^ber.  The  failure  mode  for  the  air  layable 
cable  seemed  to  be  a  "cut  through"  type.  This  is  believed  to  be  caused  by  running  over  a  sharp  rock  which 
actually  cuts  the  jacket  and  tnreaks  the  fiber  simultaneously.  Laying  the  fiber  at  an  angle  to  the  tread  seems 
to  subjea  it  to  more  abuse  than  laying  it  perpendicular  to  the  tread.  This  was  readily  apparent  in  test  #5. 
All  three  cables  survived  longer  on  a  MacAdam  road  than  on  the  gravel  covered  pavement  On  the 
pavement/gravel,  eight  180  degree  turns  per  mile  were  requited  to  stay  on  the  course.  On  the  road  (test  #S), 
only  about  two  90  degree  turns  per  mile  were  required. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Helmet^Moimted  Visual  Display  Systems  for  Tele(q>erated  Vehicies,  July  1986 

Autboi(s):  Jdin  O.  Merritt  and  Slepben  P.  Hines 

OBJECTIVE: 

To  develop  and  evaluate  a  variety  of  hehnet-mounted  display  concepts  in  order  to  determine  qtecifications 
fcH'  a  niggedized  fiddable  iffototype,  to  be  used  in  operational  testing  of  TOV  and  AROD.  Evaluate  varioos 
ways  of  allocating  tbe  pixels  available  (in  60  S2S-iine  video  frames  each  second)  to  either  forward  stereo 
vision  or  ncm-stereo  peripheral  vision.  Determine  the  optimal  trade-offs  in  field  of  view  (FOV>  versus 
resolution  (along  with  other  factors  such  as  color,  motion/time  resolutim,  shtqie  of  FOV,  etc.).  Determiiu 
what  regions  of  per^beial  vision  are  most  useful  in  driving  teleopeiated  vehicles.  Determine  the  minimum 
needs  to  central  bigb-iesolution  vision  and  stereo  overly. 

APPROACH: 

Di^lay  concepts  were  innovated  by  alternating  group  sessions  with  individual  effcHts.  Tte  concepts  thus 
developed  were  evaluated  through  group  discussitm  followed  by  quick  prototyping  of  tbe  more  promishig 
concepts.  The  remainder  of  this  report  describes  tbe  helmet-mounted  visual  display  concqKs  thus  produced, 
as  of  June  1986,  and  preliminary  evaluations  of  each  coocept. 

LESSONS  LEARNED: 

Operators  driving  tbe  TODD  tested  David  Smith's  idea  (hat  per^heral  vision  was  useful  for  keeping  an  eye 
aa  the  road  adien  looking  45  degrees  to  tbe  side  with  tbe  central  stereo  di^lay.  This  functira  of  stereo 
vision  was  also  tested  by  driving  a  NOSC  off-road  vehicle  with  a  face-shield  that  restricted  peripheral 
vision.  These  test  confirmed  tbe  importance  of  tiiis  function  of  peripheral  vision.  Another  inqKutant 
function  of  per^beral  vision  seen  in  these  informal  test  was  knowing  when  to  turn  around  tbe  cmner  of  a 
building  cs  an  obstacle,  such  as  a  rock  or  tree.  The  value  of  even  poor-resolution  peripheral  "windows"  was 
seen  at  several  instances  where  vehicles  ^iproaching  frtan  dm  side,  and  other  such  targets,  were  seen  easily, 
but  wmdd  have  been  missed  with  only  a  central  field  of  view  Jt  was  observed  that  image  scale  was  critical 
between  the  central  view  and  the  flanking  views.  Objects  semi  in  tbe  central  view  wmild  tqipear  in  tbe  side 
window  before  leaving  tbe  central  window.  The  lade  of  this  match  betwem  central  md  side  proved  to  be 
disturbing  to  the  operator's  sense  of  where  things  were  in  space  aroortd  the  vehicle.  Gaps  between  the 
fmward  view  and  the  side  views  are  not  tbe  problem:  it  was  just  tbe  unnatural  way  objects  transited  from 
front  to  sitfe  that  caused  problems. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


KEFEKENCE: 

Title:  Trade-CMfD«enxiiiiaiiOD  for  tbeOperauvCootral  Unit  of  tbeCaidjUnmanDed  Ground 

Vdiicle,  February  1990 

AutborCs):  Cranbat  Service  Support  Diviskm,  US  Amy  Labcom.  Human  Engineering  Laboratory 

OBJECTIVE; 

Topiesait  five  omcqus  wbidi  are  potential  candidates  for  tbe  OCU  ttf  aCakfa/TUG-V. 

APPROACH: 

Eadi  oonc^  is  ^scussed  in  some  detail,  with  derign  decirions  explained  in  context  Migor  advantages  and 
disadvantages  are  discussed,  and  a  recomnmndation  made.  Four  of  tbe  concepts  are  feasible  with  today's 
tecbnologies,  and  tbe  fiftb  is  not  far  off.  None  of  die  concqns  meets  aD  tbe  desired  cbanctoistics  of  tbe 
Caleb  draft  OJiO,  nor  those  of  tbe  Marine  Corps  draft  ROC,  but  one  or  mote  likely  provide  an  acceptable 
solution. 

LESSONS  LEARNED: 

The  di^l^  technology  needed  to  build  a  good  fieldable  stereo  display  appears  temptmgly  close,  but  is  not 
quite  here.  Hie  required  comtrinatioo  of  size,  chrmnacity.  and  ruggedness  is  not  known  to  be  available. 
Remote  driving  has  been  demonstrated  using  displays  as  large  as  40"  and  as  «™»H  as  5".  Operators 
comidain  about  displays  much  smaller  dian  7",  however.  Color  has  been  demonstrated  to  akl  in  object 
recognidon  in  Sandia  tests  ttf  remote  driving,  and  it  is  overwhelmingly  favored  by  operators.  Test  data 
shows  it  is  not  significandy  better  in  operator  performance,  however.  Objea  recognition  would  seem  an 
important  aspect  of  driving,  so  color  is  highly  desirable.  Operators  dislike  tbe  joystick  control  ^jproach, 
and  prefer  even  a  smaU  steering  wheel  or  yoke.  They  also  prefer  a  large  scretm  (19"  or  greater).  TMAP 
experience  indicates  that  the  onmmnnicatioo  hardware  drives  the  power  and  cost  of  the  <X!U.  Fiddiesting 
of  TMAP  engineering  prototypes  emphasized  two  things.  First,  it  was  very  difficult  for  the  stddier  to  find 
his  way  to  a  designated  destination  using  only  tbe  driving  camera  diqilay.  ijmdmiwtat  such  as  pathway 
intersections  were  difficult  to  see  in  tbe  two-dhneasiooal  video  image,  especially  givmi  die  complete  lack  of 
peripheral  vision.  Second,  given  a  navigatkm  displ^  in  grid  coordinates  only  (e.g.  vehicle  represeomd 
griqihicaUy  on  grid  coordinaies  with  no  map  d«ail),  the  designated  stddiers  performed  poorly.  Experience 
with  teleoper^  vehicles  has  invariably  emphasized  dm  engine  noise  is  vital  information  for  the  operrior 
conceming  tbe  stains  of  his  remote  vehicle. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide;  Battoy  Requiiements  for  the  "Cald)"  Operator  Cootiol  Unit,  Felnuaiy  1990 

Aiabof(s):  Cari  Berger 

OBJECTIVE: 

To  presGDt  infonnadcHi  cooceming  battery  requitemeats  for  the  "Cald)"  Operauv  Cooird  Unit. 
APPROACH: 

Discussioo  of  power  requirements  Ux  both  configorattoos  and  availaUe  battery  lectanology. 

LESSONS  LEARNED: 

Upon  review  of  the  referenced  documents,  the  "Cald)"  OCU  is  ccaq)osed  of  three  ivwtg  coaqraoeats  -  the 
display,  the  ccunputer,  and  the  transmitter  and  receiver  for  the  fiber  qnic  signals.  Tbe  power  estimates  for 
the  three  oomptKieDts  are  as  follows  for  each  OCU  amfiguratkn.  Maiqxxiable  OCU;  Display  •  25  watts; 
Compater  (laptiq:)  *  6  watts;  ReceiverfTransmitter  (RT)  •  3  watts;  Total  •  34  wans.  Suitcase  OCU: 
Di^lay  -  40  watts;  Coaqaiter  (l^Mop)  -  6  wans;  Recetver/Ttansminer  (RT)  •  3  watts;  Total  >  49  watts.  To 
d)tain  the  tightest  and  most  compact  configuratian  for  die  OCU,  litbuim  throwaway  batteries  should  be 
used.  The  power  projections  of  paragnqih  3  assume  that  the  computer  is  a  laptop  system.  More 
stqihisticated  di^lays  that  utilize  a  digital  019  thm  will  allow  the  opermor  to  nack  the  Caleb"  vdiide  will 
require  a  cmnputer  equivalent  to  a  desk  top  system.  The  power  projectioiis  for  the  Suitcase  OCU  will 
become  the  following.  Suitcase  OCU:  Display  •  40  watts;  Computer  (laptop)  •  200  watts; 
Receiver/Transminer  (RI)  •  3  wans;  Total  >  243  watts.  There  is  no  battery  system  except  sealed  nidoel 
cadmium  batteries  or  lead  acid  that  can  meet  the  243  watts  requirement.  The  driving  factor  for  the  OCTT  is 
power  and  availability  of  a  practical  pwtable  power  source.  Based  on  this  office's  power  surveys  of 
facsimile  cmnptments,  this  office  recranineads  that  HEL  build  their  OCU  requiiements  around  a  hqitop 
conqMiter  with  1  display  uniL 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  STV  Driving  Controls  Comparison  Test  Results,  22  October  1990 

Ai]tbot(s):  A.  Koyamatsu 

OBJECTIVE: 

To  describe  comparison  test  results  used  to  identify  a  controller  for  the  STV  program. 

APPROACH: 

The  comparistm  criteria  used  to  evaluate  the  four  cmitrollers  was  based  on  which  control  optitn  best 
satisfied  control  sensitivity,  ease  of  learning,  natural  to  operate,  driving  effidencies,  minimal  (pernor 
fatigue,  and  driver  confidence. 

LESSONS  LEARNED: 

The  TOV  type  contndler  provided  the  best  pofonnance,  however  for  portability,  the  motorcycle  steering 
handle  or  the  integrated  steering  wheel  was  recommended. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  STV  Gnfdiics  Overlay  System  Overview.  7  Fd^nury  1991 

Autbor(s):  Lk^  Yano 

OBJECTIVE: 

To  ixeseot  a  description  of  tbe  STV  graphics  overlay  system. 

APPROACH: 

Discussion  on  the  four  different  display  screens  mailable  Ctcmd  tbe  STV  graphics  overlay  system.  In 
addition,  a  listing  <rf  tbe  STV  graidiics  system  hardware  is  included  along  with  tbe  modifications  needed  for 
tbe  US  Video  VGA  overlay  board;  configuration  drawings  for  the  6C22  micn^irocessor.  and  otmfigunuion 
drawings  for  VGA  overlay  board. 

LESSONS  LEARNED: 

The  first  display  is  tbe  drive  data  screen  and  provides  vehicle  attitude  information  such  as  pitch,  roll,  and 
vehicle  beading.  A  beating  to  waypoint  cursor  and  distance  to  waypoint  readout  is  indoded  in  tlds  dis{day. 
Camera  beading,  and  speed  is  also  provided  as  well  as  annunciators  for  safety  and  nussion  critical 
conditions.  Tbe  second  diqilay  is  tbe  surveillanoe  screen  and  provides  surveiOaoce  sensor  bearing,  vehide 
heading  and  various  annunciators.  A  target  bearing  cursor,  distance  to  target  readout  and  target  coordinates 
is  also  provided.  Cross  hairs  can  also  be  provided  is  not  induded  in  sensor  video.  Tbe  third  disftlay  is  tbe 
mt^  screen  and  provides  a  grid  of  tbe  operational  area  and  plots  tbe  vefaide  position  and  track,  tbe  relative 
positicms  of  tbe  base  and  current  target  are  also  plotted.  Also  provided  is  annunciators,  vehicle  beading, 
sensor  bearing  and  various  system  readouts.  Tliis  display  can  be  accessed  while  in  either  tbe  drive  or 
surveillance  modes.  The  fourth  display  is  the  status  di^Iay  which  provides  a  text  listing  of  all  of  tbe  STV 
system's  parameters.  This  display  is  used  mainly  as  a  diagnostic  tool  but  can  be  easily  accessed  from  any 
mode  tbe  operator  if  more  detailed  information  than  provided  by  the  other  displays  is  required. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  STV  HMD  ScptembCT-FY91  Year  End- SiMus  Report,  2  October  1991 

Autbra<s):  S.  W.  Martin 

OBJECTIVE: 

To  present  tbe  status  of  the  STV  HMDs. 

APPROACH: 

DiscusskHi  of  two  STV  HMD  subsystems.  SAIC  delivery  order  for  prototype  monitors  status,  pruts  status, 
issues,  plans,  and  the  budget 

LESSONS  LEARNED: 

Two  STV  HMD  subsystems  have  been  cmnpleted  and  are  ready  for  ddivery.  These  units  utilize  tbe  ISTC 
moniuvs  as  the  SAIC  new  design  mcmitors  have  still  not  been  delivered.  Power  consumptioD  is  under  50 
watts  firom  20-28  vdc,  the  units  are  painted  a  shade  of  desert  tan,  are  packaged  totally  in  portaUe  cases, 
include  tbe  required  I/O  cable  to  book  up  to  an  STV  OCU,  and  have  technical  inanuals(NOSC  TM-647 
Draft)  to  go  altmg  with  them.  Cost  of  tbe  HMDs  is  cutrently  $64,829. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Tiae:  A  Helmet  Mounted  Display  System  for  Control  of  an  Unmanned  Aerial  Vehicle 

AuthmCs):  B.  Welch,  R.  Knik,  and  M.  Shenker 

OBJECTIVE; 

To  present  a  discussion  of  a  helmet  mounted  di^lay  system  for  use  with  a  UAV. 

APPROACH: 

Discussion  of  Autoncnnous  or  Teleoperator  Control,  Helmet  Display  Approach  for  Teleoperator  Control, 
Critical  Display  ParEoneters,  Area  of  Interest  Ctmcept,  Psychophysical  Aspects,  Resolution,  Field  of  View, 
Stereo  Versus  Non-stereo.  Design  Considerations,  DataLink,  and  Resolving  Research  Issues  by  Simulahtm. 

LESSONS  LEARNED: 

The  normal  field  of  view  of  a  perscm  is  aJxNit  190  degrees  horizontal  x  110  degrees  vertical  and  a  person 
with  normal  acuity  of  20/20  can  distinguish  spatial  ftequoscies  of  about  0.6  line  pairs  per  arc  minute. 
Duplicating  this  resolution  over  such  a  field  of  view  using  sensor  system  operating  at  normal  field  rates 
would  require  a  bandwidth  of  about  1000  MHz.  The  full  fidd  of  view  of  the  FOHMD  is  127  degree 
hoiiztmtal  by  66  vertical.  The  results  indicate  that  stereo  imagery  provides  a  significan'  performance 
advantage.  This  is  deqiiie  the  fact  that:  a)  the  image  generator  has  a  stereo  acuity  conriderably  inferiar  to 
that  of  a  normal  person,  b)  the  imagery  is  cdlimated,  c)  convagence  is  fixed  at  30  feet  Accommodatkio 
and  convergence  cue  then,  tended  to  conflict  with  disparity  information,  although  the  latter  was  somewhat 
accentuated  by  a  75  mm.  tntennipiUaiy  distance  setting.  On  the  positive  side,  monocular  dqptb  information 
such  as  perqiective  and  inteiposition  were  correct  The  prominence  of  stereo  upon  perfixmanoe,  given  the 
list  of  characteristics  udiicb  would  tend  to  reduce  the  effect  was  somewhat  surprising.  In  tasks  involving 
dose  q^troach  to  other  olgects,  it  may  be  of  considerable  value.  Hie  real  time  video  liidc  bdweoi  the  UAV 
and  operauv  is  likely  to  be  the  limiting  factor  in  the  overall  performance  of  the  system  even  in  those 
applicatkms  where  electronic  emissitms  are  not  important  from  the  stant^int  of  maintaining  secrecy.  A 
diiea  filue  optic  link  would  provide  an  adequate  bandwidth  and  maintain  secrecy  but  would  certainly  limit 
mobility.  As  bandwidth  will  be  a  nuyor  issue,  factors  such  as  reducing  resolution  in  the  peripheral  areas  of 
the  field  of  view,  optimizing  the  inset  size,  using  colour  only  in  the  inset  need  to  be  investigated. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Tide:  Cranments  on  Prototype  AOI  HMD 

Autboi(s):  H.  Spain 

OBJECTIVE: 

To  present  a  general  summary  of  cmnments  and  experiences  concerning  this  system. 

APPROACH: 

Discussion  was  bndcen  down  into  positive  comments  and  negative  comments. 

LESSONS  LEARNED: 

Moderately  prolonged  use  of  diis  HMD  (i.e.  30  minutes  -f)  might  possibly  induce  significant  fatigue  in 
some  users.  Diough  binocular  rivalry  was  not  noticeidjle  in  the  insert  area  or  the  wider  pehpheial  areas,  it 
did  occur  in  the  immediate  vicinity  (i«.  2  to  3  degrees)  of  the  sharp  luminance  step  between  the  insert  and 
the  surround.  For  most  observers,  flidtering  of  the  wide-field  channel  was  very  apparent,  especially  if  they 
concentiated  their  attention  (m  the  flidter.  the  flickering  sensation  was  most  pronounced  for  Ixighter  areas 
of  the  display  (which  accords  with  the  psydtqdiysical  function  relating  flicker  to  overall  intensity).  Flicka 
was  also  more  apparent  in  the  extreme  peripheral  areas  of  the  display  (also  in  accord  with  the 
psychophysical  literature).  For  some  observes,  the  flicker  produced  sensations  of  "phantom"  shapes,  false 
colm,  and  movement '  aU  of  which  ate  fiequendy  rqiorted  sequelae  to  flickering  light  stimulaticm.  One 
final  aspect  of  the  display  which  concerns  me  is  the  possibility  of  exposing  users  to  imiiztng  radiation 
(especially  "soft”  x-rays)  due  to  the  closeness  of  the  eye  to  the  (TRT  surf^e.  This  is  not  a  problmn  with 
the  current  viewfinder  (TRT  which  is  in  the  hi-res  insert  channel,  but  it  may  be  a  problem  with  the  3"  CRT. 
Apparendy,  from  some  discussions  I  bad  several  yems  back  with  video  engineers  at  RCA,  die  voltage 
tqiplied  at  the  CRTs  anode  is  the  primary  determinant  of  radiative  emisskms. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Flat  Fand,  Cdor  Video  Displays,  Model  900  Series.  Preliminary  Specifications 

Autbcats):  Video^iection 

OBJECTIVE; 

To  provide  a  desciipiion  of  flat  panel,  color  video  disidays. 

APPROACH: 

Discussion  of  features,  specifications,  and  opeiaiing  aivircmment. 

LESSONS  LEARNED: 

Tbe  900  series  LCD  display  monitors  utilize  a  solid  state,  higb  density,  thin  film  transisu^  panel,  Uquid 
crystal  display  for  the  display  of  color  a-  monochrome  cmrqwsite  video  signals.  Tbe  nature  of  tbe  liquid 
crystal  display  panel  permits  its  use  in  apfdicatkms  where  omventional  CRT  displays  are  unacceptable  due 
to  weight,  power  consumpticm,  heat  dissipatitm,  and  size.  No  x>iay  emissions  or  implosimi  hazards  exist 
since  'Jie  diqilay  does  not  use  a  cathode  ray  tube.  The  small,  light  weight  di^lay  units  have  low  power 
conmmption  and  are  immnne  to  RFI  and  EMI  onissions.  They  are  ideally  suited  for  use  m  military 
vehicles,  aircraft,  and  portable  field  operatimis.  Tbe  size  of  the  900  series  ranges  from  33  inches  to  10.4 
indies.  The  pixel  count  for  tbe  900  series  is  as  follows:  442  x  238, 480  x  239, 480  x  (300x3),  and  480  x 
(640x3).  Viewing  angles  ate  +/-  30  degrees  and  4/-  45  degrees.  Power  consumption  fw  the  9(X}  series 
ranges  frcnn  7-10  watts.  Weight  for  the  900  soies  ranges  from  03  lbs  to  4.5  lbs.  Die  900  series  can  be 
qierated  in  temperature  ranges  fiom  0  degree  C  to  +65  degree  C,  be  stored  in  temperanire  ranges  from  -20 
degree  C  to  465  degree  C.  withstand  vibrations  fmn  5-500  Hz  (5  g)  and  3  axis,  11ms,  15gsbocks. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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OVERALL  UGV  SYSTEM 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Test  and  Evaluation  of  the  PROWLER,  26  August  1985 

Autbofs):  Virginia  Young 

OBJECTIVE; 

Evaluate  the  ability  of  the  mOWLER  to  employ  the  dual  threat  of  the  SPDCE  hypervelocity  kinetic  energy 
penetrating  rocket  and  the  Rifleman's  Assault  WeqxnCRAW). 

APPROACH: 

A  wejqxms  package  was  designed  so  the  SPIKE  rodcet  system  and  a  RAW(in  this  case  the  VIPER)  could  be 
mounted  on  the  PROWLER.  Preliminary  test  firings  were  conducted  at  Redstone  Arsenal  to  establi^ 
conect  firing  procedures  for  each  weapon.  A  target(Ml  13)  was  positicmed  iq^ximately  300  meters  fmn 
the  PROWLER  control  van.  The  PROWLER  was  then  moved  remotely  into  position  and  stationed  itself 
qiproximately  ISO  meters  from  the  target  Eadi  weqxm  was  then  remotely  fired  at  the  target 

LESSONS  LEARNED: 

A  teleoperaied  unmanned  vehicle  should  have  light  weight  for  maneuverabilityfPROWLER  •  3700  lbs), 
walk-the-dog  csqiabilides,  colo/stereo  viaon  (recommended),  a  low  center  of  gravity,  a  moveablefand 
lockable)  tunet  autcmuuic  iris  on  driving  camera  for  varying  light  conditions,  a  wkter  field  of  view  (FOV), 
tires  invulnerable  to  small  arms  fire  (Run-flat  tires),  and  a  night  sight  or  image  intensifier  for  night 
operations  and  improved  driving  oqnbOities.  Current  canura  being  used  had  drift  which  marff  sighting  and 
targeting  difficult.  Badtblast  ftom  wetqxms  system  damaged  mast  wire  attached  to  mast  camera  and  radio 
antenna. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  The  PROWLER,  1985 

Autbor(s):  Robot  Etefense  Systems,  Inc. 

OBJECTIVE: 

To  present  a  description  of  the  PROWLER  system. 

APPROACH: 

Discussion  of  the  PROWLER  vehicle,  sensors,  and  we^ns. 

LESSONS  LEARNED: 

The  PROWLER  has  the  following  specifications:  Undercarriage  weight  •  3,700  lbs;  Payload  weight  • 
2,000  to  4,000  lbs;  Maximum  speed  with  2,000  Ib  payload  -  27  kpb;  Number  of  wheels  •  6;  Total  draw  bar 
pull  •  4,297  lbs;  Engine  >  65  hp  air  cooled  diesel  engine;  dual  electrical  motors,  hydrostatic  drive; 
Observation  ■  three  ciosed-drcuit  television  cameras  on-board,  widi  one  affixed  atop  a  mast  that  can  be 
raised  seven  meters  above  the  robot  platform,  CRT  for  video  monitoring  at  (iterator’s  console;  Guidance  - 
CRT  at  (tpeiator's  console  with  map  graphics,  vehicle  location  and  directional  orientation;  Diagnostics  - 
CRT  at  operator's  console  displays  status  of  all  on-board  systems;  Computer  -  32  bit  microinocessor. 
Motorola  68000;  Basic  platform  •  10'  l<mg,  7  wide  and  T  high;  M<^iljty  -  turning  radius  of  5',  250 
kilometer  range,  2  kilometer  average  distance  for  control  from  console  to  vehicle,  skid-steering,  and  60% 
slope  negotiaticm;  Sensors  -  triple  camera  video  system  with  varitHis  night  vision  (^tions  and  split  screen 
capability,  audio  feedback  to  (iterator  with  directional  and/or  non-directional  pidcups,  laser  rangefinders  for 
navigation,  fluxgate  with  optional  directional  gyro,  multi-axis  vehicle  attitude  sensors,  distance  measuring 
equipment  for  vehicle  motion,  armor  impact  senstirs  detect  projectile  impingement  on  vehicle,  battlefield 
surveillance  doppler  radar,  c  lecomnagnetic  motion  detector  (staticmary  vehicle  could  detect  moving  targets  in 
foliage  and  can  operate  either  independently  or  in  conjunction  with  the  seismic  system),  seismic  monitor  for 
detecting  sub-audible  ground  vibrations  made  by  men  or  vehicles,  infirared  scanners  (FLIR),  bistatic 
illuminator  radan  Weapons  -  M  60  Machine  Gun,  TOWl  and  TOW2  Anti-Tank  Missiles,  HELLFIRE 
Tactical  Missile,  VIPER  Light  Anti-Tank  Missile,  Stinger  Guided  Missile,  M9E  1-7  Portable 
Flamethrower,  and  M202A2  60  mm  Multi-shot  Flame  Weapon;  Chemical  detection  -  GFE  M8A1.  Radio 
communications  via  an  error  detecting  packet  switching  network.  All  software  written  in  Motorola  68000 
Assembly  and  Pascal  Languages  to  real  time  speed  and  efficiency. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Etoft  Required  Operational  Capability  (ROC)  for  a  Tekoperated  Vehicle  (TOV)  System.  7 

May  1986 

Autbcafs):  U.  S.  Marine  Corps 

OBJECTIVE: 

To  jHovide  a  descr^on  of  the  required  (q)erati(H]ai  capabilities  for  the  TOV. 

APPROACH: 

Presented  a  discussion  on  the  need,  threat  and  operational  deficiency,  operational  and  organizaticmal 
concepts,  essential  characteristics,  interAntraoperability  and  standardization  requirements,  related  efforts, 
technical  feasibility  and  energy/environmental  impacts,  life  cycle  cost  forecast/estimate,  manpower 
requirements,  training  requirements,  and  an^hibious/strategic  lift  impact. 

LESSONS  LEARNED: 

Essentiai  characteristics:  1)  Vehicie  qieed  equal  to  (X  better  than  the  speed  of  a  HMMWV  under  similar  on 
and  off  road  conditions;  2)  Move  cross-country  for  1  hour,  or,  out  to  a  flber  optic  c^le  payout  distance  of 
25  kilmneters.  22-bour$  staiicmary  qieratitm  at  a  remote  site  with  alternating  4-bour  silent  mode  and  one- 
half  hour  recharge  periods  with  the  TOV  engine  running.  The  TOV  shall  be  capable  of  performing  all 
missitm  fdncdtms  during  silent  mode  and  recharge  period.  Cross-country  movement  back  to  mission  start 
point.  If  the  TOV  is  not  required  to  return  to  its  start-point,  e.g.,  if  it  will  be  picked  up  by  an  advancing 
unit,  then  it  could  operate  out  to  50  kilometers  its  control  station;  3)  The  onboard  TOV  system  will 
consist  of  a  pair  of  cameras  which  provide  a  stereoscopic  visual  image  to  the  tqjetator  at  the  ctHitrol  station. 
The  cameras  will  be  mounted  on  apan  and  tilt  assembly  and  their  movement  will  be  remotely  controlled  by 
the  iterator's  head  movements.  Horizontal  scan  -  +/- 170  degrees  relative  to  vehicle  kmgitudioai  centerline. 
Vertical  scan  480  degrees  to  -30  degrees  relative  to  vehicle  horizontal  datum.;  4)  Binaural  mictiriKHies  will 
be  mounted  tm  the  same  pan  and  tilt  assembly  as  the  camera  system.  The  acoustical  sensor  system  will 
allow  normal  human  sound  localization  capabilities  m  the  remote  site;  5)  During  daylight,  d^ea  and  acqiure 
a  moving  tank-size  target  at  4000  meters,  identify  at  2000  meters.  At  night  (1/4  moon),  detea  and  acquire 
a  moving  tank-size  target  at  2000  meters,  identify  at  1000  meters;  and  6)  safely  arm/fire  Um  TOW  missile, 
M2  machine  gun,  or  the  MK19  grenade  launcher. 

APPLICABLE  TO  CURRETT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Dfalt/Stniwouui  Tekoperaied  Mobik  And'Annor  Platform  (TMAP)  Required  Operatioiial 

Capability  (ROC),  June  1986. 

Autbof(s);  U.S.  Anny  Infantry  School 
OBJECTIVE: 

To  provide  a  desct^oo  of  the  requited  operationai  capabilities  for  the  TMAP. 

APPROACH: 

Discussion  of  the  need/threat,  timeframe  and  IOC,  operational  and  organizuional  plan  (O&O  Plan), 
esseutial  characteristics,  technical  assessment,  logistics  support  plan,  training  assessment,  maiqtower/fotce 
structure  assessment.  standardizatkmTmteioperability.  life  cycle  cost  assessment,  and  milestone  schedule. 

LESSONS  LEARNED: 

Essential  characteristics  and  requirements  of  the  TMAP  are  as  follows:  I)  the  system  will  indude  as  many 
as  four  (4)  mtRrile  platforms  (MP)  which  can  be  controlkd  by  onboard  software  (artificial  intelligence)  or 
from  a  single  control  statitm,  2)  the  acquisition  of  the  TMAP  system  capabilities  will  be  achieved  through 
a  phased  approach.  The  first,  or  interim  system  will  possess  capabilities  obtainable  with  current 
technology.  The  olqective  system  wiU  be  achieved  through  enhancements  achievable  through  technology 
growth,  3)  weapons  and  weapon  components  which  may  be  carried  by  the  MP  and  qperated  by  the  system 
include  •  TOW,  Dragon,  Machine-gun  (specific  type/model  TBD),  Mortar  (81mm).  Target  Designate 
(specific  typeftnodel  TBD),  and  Mines,  4)  sensors  which  may  be  carried  by  the  MP  and  operated  by  the 
system  indude  -  TV,  Acoustic,  IR,  RF  (active  or  passive),  and  NBC,  5)  the  MPs  may  be  up  to  4  km  from 
the  ccmtrol  statitm.  6)  data/information  commimicaied  between  the  MP  and  the  control  suuion  will  be 
accomplished  by  means  of  a  secure,  ECM  resistant  data  link,  7)  the  MPs  will  be  capable  of  greeds  op  to  20 
kjdi  on  smooth  terrain  and  will  be  capable  of  traversing  and  operating  over  rugged  terrain.  The  MPs  will  be 
c^xibte  of  irngotiating  obstacles  (e.;.  logs,  rocks,  trenches,  curbs,  etc.)  up  to  0.3  meters  in  height  or  de{Kh, 
and  curable  of  negodatiog  ftaward  slopes  up  to  40%  and  side  slopes  q>  to  20%,  ar^  8)  exchxUng  the  sounds 
produced  by  weaptms  firings,  the  MP  wiU  exhibit  a  noise  level  of  less  than  40  db  daring  ctunbat 
qrerations. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  C(»cept  Fannulatioo  Package  (CFP)  for  Teiecq>erated  Mt^e  ^tj-Armor  Platform 

(TMAP),  July  1986 

Autboifs):  Triad  MkiDsystems,lix»fpoim^ 

OBJECTIVE; 

THis  document  {vovides  information  necessary  to  su^xst  a  decision  to  proceed  with  the  acquisitioa  of  tbe 
IMAP  through  an  NDI,  Category  C2  procuremenL 

APPROACH: 

This  Concept  Formulation  Package  (CFP)  contains  tbe  results  of  analyses  and  system  engineering 
perfmmed  in  die  concept  explcoadon/Proof-of  Princqia]  phase  of  the  acquisitioo  process.  Paragraph  2.0 
provides  a  general  descriptioo  of  tbe  proposed  TMAP  system.  Attached  appendices  provide  tbe  following: 
1)  Ttade-CMT  Determinatioo  (TOD  >  partially  completed).  2)  Trade-Off  Analysis  (TOA  -  TBD),  3)  Best 
Technical  A^qiroach  (BTA  •  TBD),  4)  Cost  and  Opentional  Effecdveaess  Analysis  (COEA  •  TBD). 

LESSONS  LEARNED: 

The  i»imary  use  of  the  interim  TMAP  system  will  be  as  a  company  tevel  weapon  system  wfaidi  will 
provide  the  commander  widi  tbe  capability  to  semi>antomaiicaUy  perform  infantry  tasks  which  when 
performed  by  infantrymen  might  produce  high  casualties.  Tbe  system  concept  involves  utilization  of  a 
control  statical  (CS)  subsystem  for  remote  control  of  mobile  platform  (MP)  subsystems  and  their 
ccmstituent  sens(»'  and/or  wetpoo  suite.  Remote  control  is  accomplished  by  means  ctf  a  dma  link  between 
the  two  subsystems.  Tbe  control  station  subsystem  includes  the  operator  and  tbe  control/monitoring 
equipment  (processor,  display,  communications,  etc.),  while  tbe  mobile  platform  subsystems  will  include 
vehicle,  ccwununications.  control,  weqxn,  and  sensor  equqimenL  Tbe  system  concept  also  includes  a 
transport  subsystem  (TS)  for  movement  of  tbe  MPs  tdiout  the  combat  area.  Upon  receipt  of  nussicm  alert, 
tbe  TMAP  is  amfigured  and  initialized  to  perfmm  tbe  assigned  mission.  Tbe  syston  is  dioi  placed  m 
standby  pending  rece^ofmission  execution  orders.  When  execution  orders  are  received,  the  c^ierator  will 
begin  deployment  of  the  system.  Following  occupmioo  of  deployment  sites  by  the  MPs,  surveillance  is 
begun  using  onboard  sensors.  Data  is  collected,  evaluated,  disseminated,  and  di^layed  using  die  onboard 
sensors,  onboard  processing  at  tbe  MP  and  CS,  and  tbe  TMAP  data  link.  When  targets  are 
detected/acquired,  the  TMAP  operator  assigns  an  appropriate  wesqxm  system  and  attacks  the  target  in 
accordance  with  predetermined  riiles  erf  engagement. 
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REFERENCE  PAPER  SUMMARY 


REFEKENCE; 

litie:  Robot  Sentry.  17  July  1986 

Autix»{s):  Sandia  National  Laboratoiy 

OBJECTIVE: 

To  discuss  the  Marine  Corps'  robotics  program. 

APPROACH: 

Discussion  of  the  Robot  Sentry. 

LESSONS  LEARNED: 

The  Robot  Sentry  consists  of  a  Tranqxirtabie  Sensor  Pod  (TSP)  and  a  Monitor  and  Control  Station  (MCS). 
Communicatiwis  between  the  TSP  and  the  MCS  is  through  a  fiber  opdc  Unk.  The  TSP  is  positioned  in 
the  field  using  a  Brunton  M2  podcet  transit.  The  transit  provides  reference  points  to  enable  the  MCS  to 
calculate  x,  y.  z  co-ordinates  to  guide  artillery.  Range  information,  op  to  10  KM,  is  provided  by  a  GVS-5 
laser  range  finder.  All  sensing  by  die  TSP  is  passive  excqtt  for  momentary  laser  ranging  when  actuated  by 
the  operator.  Once  d^ktyed,  a  TSP  can  remain  as  a  covert  observer  for  an  extended  period.  Die  TSP 
ctmsists  of  a  day/might  imager,  CCD  TV  camera,  laser  rangefinder,  and  microphones.  The  day/nigbt 
imager  is  a  Pulnix  model  DN-SOO  image  intensifier  system.  The  TV  camera  is  a  CCD  type  with  280 
htvizcmtal  x  350  vertical  lines  resolutioD.  Die  imager  is  a  second  generadoo  microctiaimel  idat  intensifier. 
The  intensifier  aUows  the  camera  to  openie  over  a  wide  range  of  light  conditions,  from  10^  lux  (bright 
sunlight)  down  to  10~3  lux  (starlight).  The  imager  is  also  equipped  with  a  10:1  zoom  lens  (16mm  • 
160mm).  Die  wide  angle  field  of  view  is  43.36  degrees,  400m  @500m.  The  field  of  view  at  max  zoos  is 
4.35  degrees.  40m  @500m.  The  pan  and  tilt  unit  is  microprocessor  controlled  and  has  two  modes  of 
operation,  hi  the  manual  itmde  the  pan  and  tilt  is  controlled  directly  by  the  operator  at  the  MCS  using 
joysticks.  In  the  auttanatic  mode  the  micrcqaocessor  will  control  the  pen  and  tilt  tc  repeat  a  pattern  of 
movements  previously  entered  by  the  operator.  Ihe  three  mioopboiies  installed  on  the  TSP  provide  sound 
magnitude  and  diteedem  by  computing  a  dme-of-arrival  correladon.  An  addidonal  aixlk)  output  is  provided 
to  the  operator  at  the  MCS.  The  TSP  also  provides  opdonal  interfaces  for  up  to  five  Tactical  Remote 
Sensors. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Concept  Evaluati<Ki  EVagram  Test  of  Robotic  Ranger,  Final  Rqxxt,  August  1986 

Autliof<s):  U.S.  Army  Infantry  Board 

OBJECTIVE; 

To  assess  tbe  capability  of  tbe  Robotic  Ranger  to  employ  Infmtry  we^n  and  lecoonaissance  systems. 
Test  results  will  be  used  by  the  U.S.  Army  Infantry  School  (USAIS)  in  making  decisions  concerning 
furdier  devdqment  of  such  devices. 

APPROACH: 

The  test  was  conducted  at  Fort  Benning,  Georgia,  fron  19  May  through  17  June  1986  under  both  day  and 
night  conditions.  All  events  were  performed  during  daylight.  Night  missions  were  attempted  but  were 
unsuccessful  due  to  the  limitations  of  the  low  light  level  camera.  No  missions  were  conducted  when  it 
rained.  Four  infantry  soldiers  (IIB,  E3)  were  trained  to  qperate  die  RANGER  using  the  remote  control 
console.  Because  of  the  experimental  nature  of  tbe  RANCBR.  no  operamr  maintenance  was  performed.  All 
maintenance  was  completed  by  the  ocHdractor. 

LESSONS  LEARNED: 

Skill  level  1  nup  reading  proficiency  akme  does  not  qtudify  the  test  soldier  for  navigation  of  the  RANGER. 
Test  soldiers  were  unable  to  accurately  relate  tbe  video  di^lay  of  tbe  terrain  to  their  maps.  Each  soldier 
required  assistance  to  navigate  tbe  RANGER  fimn  one  point  to  tbe  next.  Tbe  test  soldiers  very  quickly 
mastered  tbe  mechanical  control  of  tbe  RANGER  from  the  control  console.  Ibe  steering  and  motion 
control  "joy  stick"  was  very  easy  to  use.  Training  is  required  in  associating  mqi  dau  to  the  actual  terrain 
feauites  when  using  the  ctmtrol  console  displays  (camere,  CRT,  grid  display).  During  tbe  machine  gun  live 
fire,  tbe  camera  vibrated  so  much  that  tbe  soldiers  could  not  observe  tbe  impact  of  tbe  bullets  and  could  not 
make  burst-mi-target  (BOT)  cotiectioos;  however,  diey  were  able  to  hit  smne  targets.  During  day  firing 
43.3  percent  <d'  the  targets  wm  bit.  During  night  firing  30  percent  of  targets  were  hit.  Tte  stability  of  tbe 
RANGER  as  an  AT-4  firing  platfonn  allowed  the  test  soldiers  to  successfully  engage  targets  at  270  meters 
and  420  meters  with  both  tbe  9-inm  subcaliber  device  and  tbe  AT-4  TP-T  missile.  During  tbe  Uve  firing 
AT-4  event,  a  9-mm  subcaliber  round  was  inadvertently  fired.  Investigation  revealed  that  tbe  failure  of  a 
transistor  switch  in  tbe  firing  ctrcuit  permitted  a  bypass  of  the  normal  firing  command  sequence.  This 
design  inadequacy,  which  could  result  in  the  inadvertent  ia«mch  of  an  AT-4  HE  round,  is  a  safety  hazard. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


132 


REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Title:  TMAP  -  General  Dynamics,  1^ 

AutlK»(s):  General  Dynamics  Land  Systems  Division  and  Unique  Mcrinlity,  Inc. 

OBJECTIVE: 

To  present  a  deso^on  of  tbe  TMAP  developed  by  General  Dynamics  and  Unique  Mr^ility,  Inc. 
APPROACH: 

Discussion  of  vehicle's  primary  features,  vehicle  dimensions,  energy  source,  electric  drive  train,  jmd 
mrrtnlity  characteristics. 

LESSONS  LEARNED: 

Tbe  vehicle's  primary  features  included  composite  monocoqne  body  coostructioo.  hybrid  diesel  internal 
cambustitm  and  battery  energy  source,  electric  drive  train,  and  highly  robust  mobility  characteristics.  Tbe 
TMAP  vehicle  dimensions  were  445"  wide,  793"  long,  and  48.7*  high.  The  energy  source  powering  this 
vehicle  consisted  ai  a  hybrid  diesel-generator/battery  combinatioD  providing  electrical  power  to  the  all 
electric  drive  train.  The  diesel  internal  combustion  engine  and  UNIQatonator  provided  SkW  of  power  at 
28  VDC  upon  demand.  Additionally  silent  tqteratitm  and  peak  power  capacity  was  miui^  possible  with  the 
lead  acid  battery  pack.  The  electric  drive  train  consisted  of  two  wheel  mounted  UNIQ  electric  motors  with 
integral  planetary  gear  reducers.  This  provided  a  dean,  space  efficient  drive  train  sdutioo  with  all  the 
advantages  of  electric  drive,  including  quiet  operation,  high  efficiency,  compact  design,  tmd  excelknt 
controllability.  The  TMAP  vehicle's  mobility  characteristics  were  excellent,  due  to  its  low  center  of 
gravity,  large  diameter  tires,  and  high  power  to  weight  ratio.  The  relatively  crmqract  size  and  km  weight 
also  allowed  tbe  vehicle  to  be  tianqiorted  easily  in  a  minimam  space.  Initially  desigmd  for  performance  as 
a  weapons  platftnm  the  TMAP  vehicle,  or  a  vehicle  of  similar  design,  has  die  potential  for  missions  as  a 
forward  observer,  laser  designator,  or  other  light  fences  appUcadons. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  MILESTONES,  A  Directory  of  Human  Engineering  Laboratory  Publictuions,  1953  - 

1986,  January  1987 

Autbor(s):  Human  Engineering  Laboratoty 

OBJECTIVE: 

MILESTONES  is  the  cross-referenced  directory  of  publications  written  by  personnel  of  the  U.S.  Amy 
Human  Engineering  Ltdxxatory  and  its  contraaors.  It  contains  reports  written  from  1953  through  the  end 
of  calendar  year  1986.  It  should  provide  a  amvenient  up-to-date  index  for  otba  organizmitms  and  people 
working  in  the  human  factors  engineering  field. 

APPROACH: 

MILESTONES  is  comprised  of  three  sections  and  is  color  coded  to  permit  fast  and  easy  access  to 
information  in  qrecific  areas  of  research.  Section  I  (printed  oa  white  paper)  lists  the  report  by  topic. 
Section  n  (yellow  paper)  lists  them  numerically  and  Section  m  (green  p^)er)  lists  them  by  author. 

LESSONS  LEARNED: 

Several  HEL  reports  were  identified  as  pertinent  to  the  current  UGV  effort  and  are  listed  as  ftdlows; 

Bauer,  R.  W.,  Auditny  Localization  of  a  Heliaquer  -  From  Ground  Position,  July  1963. 

Bauer,  R.  W.  and  Blackmer,  R.  F.,  Auditory  Localization  of  Noises,  January  1965. 

Bauer,  R.  W.,  Matuzsa,  J.  L..  Blackmer,  R.  F.,  and  Glucksberg.  S.,  Noise  Localization  After 
Unilateral  Attenuation,  ^Bil  1966. 

Hides,  S.  A.,  Literature  Review:  Tracking  Control  Mechanisms  and  Displays  (Light  Antiaircraft 
System  Oriented).  December  1957. 

Katchmar,  L.  T.,  Jelinek,  R.  E.,  and  Hodge,  D.  C.,  Visual  Efficiency  Under  Desert  Conditions,  1956. 
Wallacfa,  H.  C.,  Performance  of  a  Pursuit  Traddng  Task  with  Difierem  Delay  liines  Insetted 
Between  the  Convol  Mechanism  and  the  Display  Cursor,  August  1961. 

Moler,  C.  G.  and  Brown,  G.  L.,  Qosed  Circuit  Televisitm  Vehide  Driving:  1.  A  Preliminary 
Investigation,  August  1960. 

Oatman,  L.  C.,  Target  Detection  Using  Bladc-and-Wbite  Television  Study  I:  The  Effects  of 
Resolution  Degradaticm  on  Target  Detection,  July  1965. 

Oatman,  L.  C.,  Target  Detectkai  Using  Black-and-l^te  Television  Study  IL  Degraded 
Resoludmi  and  Target-Detection  Probability,  July  1965. 

Oatman.  L.  C.,  Target  Detection  Using  Biadr-and-White  Television  Study  m:  Target  Detectioo 
as  a  Function  of  Display  Degradatkm,  September  1965. 

Hmley,  G.  L.,  Eckles  m,  A.  J.  and  Dax,  R.  E..  Target  Detection:  A  Crmqiarison  of  Several 
Vision  Systems  Mounted  in  Stationary  and  Moving  Tanks.  March  1967. 

McCain  Jr.,  C.  N.  and  Karr,  A.  C.,  Color  and  Subjective  Distance,  August  1970. 

McCain  Jr.,  C.  N.  and  Karr,  A.  C..  Color,  Differential  Luminance  and  Subjective  Distance,  April  1971. 
Mazutezak,  J.  and  Pillalamarti,  R.  S.,  The  Human  Engmeering  Eye  Movement  Measurement 
Research  Facility,  A|»il  1985. 

Williamson,  R.  L.,  Moiling  Visual  Detectability  and  Avoidance  of  ScatteraUe  Antitaitk  Mines, 

December  1977. 

Shearin,  D.  J.,  Bede,  J.  P.,  and  Wilstm,  C.  E,  An  Investigatiao  of  Requiements  for  Cleared-Lane 
Maddng  Systems  for  Hasty  Breaching  of  Minefields  with  Mine-Clearing  Rolkrs,  September  1981. 
Wbittenburg,  J.  A.  and  CoUii^  B.  L..  llie  Effectiveness  of  Color  Deficient  Individuals  in 
Detecting  and  Identifying  Targets  with  Varying  Degrees  of  Qmcealment,  February  1974. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TOV  Control  Vehicle  Power  Requirement,  6  February  1987 

AuthorCs);  S.  Martin 

OBJECTIVE: 

To  present  an  estimate  of  the  Tele*operaied  vehicle  (TOV)  contrtd  vehicle  power  tequhements  utilizing  the 
latest  infcmnation  available. 

APPROACH: 

!¥esent  a  breakdown  of  the  omtrol  vehicle  power  utilizatkm  and  the  control  station  power  ccnsumptioo. 
LESSONS  LEARNED: 

Three  control  stations  •  633  watts  each,  one  section  leader  station  •  100  watts  (estimate),  lighting  •  250 
watts  (estimate),  environmental  control  unit  (airflow)  >  4,157  watts,  instrumentatitm  (VCR.  etc.)  •  53  watts 
(estimate),  vehicle  controls  •  2  watts.  Polhemus  isoindt  •  30  watts,  two  Westinghouse  1*  CRTs  w^remote 
elect  -  30  watts,  two  9"  COHU  B&W  (TRTs  -  90  watts,  one  joystick  •  3  watts,  two  alidia-numeric  display 
panels  -  10  watts,  video  overtay  •  10  watts,  CS  Processor  •  350  watts,  coamuuiicatioos  -  3  watts,  and 
telemetry  - 100  watts.  The  total  TOV  Control  Vehicle  power  consumption  is  approximately  6,460  watts. 
Given  this  power  requirement,  a  10  Kwatt  diesel  generator  has  been  selected  to  serve  as  the  power  source. 
The  generator  selected,  a  trailer  mounted  MEP-003A,  is  a  Marine  Corps  inventory  item  whidi  will  provide 
the  required  three  phase  60  hertz  power.  We  must  request  one  of  these  firom  the  sponsor  tmce  we  are 
positive  the  power  estimates  ate  suflicienL 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TOV  •  Comins  (Present  Configuration),  IS  June  1987 

Autborfs):  Naval  Ocean  Systems  Cotter 

OBJECTIVES 

To  i^esent  the  present  cost  and  amfiguration  fcH'  the  TOV  communication  ,  powo*  distribution,  vehicle 
coDtrols,  and  navigation  systems. 

APPROACH: 

Discussed  the  present  ctmfiguration,  schedule,  and  cost  of  the  following  subsystems:  communications, 
power  (fistribution,  vehide  contrtds,  and  navigation. 

LESSONS  LEARNED: 

The  budgets  fcs  the  TOV  subsystems  woe  as  follows:  communicaiions  system  -  12K  (assuming  GFE 
radios);  power  distribution  system  •  19K;  vehide  controls  -  3  IK;  navigation  system  (Magnavox  MX6102B 
Teirain  Navigation  Aid,  UIM  Grid  Coordinates)-  48K. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Materiel  Acquisidon  Haodbocric.  AMC  TRADOC,  1987 

Authors):  Headqiufftets,  U.S.  Army  Materiel  Coaunaod,  Headquarters.  U.S.  Anny  Trmmng  & 

Doctrine  Coaunand 

OBJECTIVE: 

Tbis  haodbook  describes  policy,  procedures,  and  responsibilities  for  initiating  requirements,  condiKting 
research  and  development,  and  acquiring  materiel  items  and  systems  to  satisfy  HQDA-approved 
requirements. 

APPROACH: 

This  handbook  begins  with  an  overview  of  the  Army  Streamlined  Acquisition  lYocess  (ASAP)  using 
charts  and  text  to  describe  fAases  and  players,  and  referencing  the  following  chapters  to  show  their 
relatitmship  within  the  overall  process.  Quarters  2  through  19  provide  details  on  actions^rractices 
necessary  for  successful  implementatkm  of  the  materiel  acquisition  process.  Each  chtqxer  provides  a  general 
descripticKi  of  the  sidqect  area  and  AMC  and  TRADOC  respcmsibilities,  time  constraints,  and  directives  for 
the  subject  area.  Additionally,  when  apfsofsiate,  charters  contain  stq>-by-step  narrative  and  flow-charted 
procedures  for  hnplementing  a  specific  aqxxx  of  the  materiel  acquisition  process. 

LESSONS  LEARNED: 

The  Ctmoept  Formulation  Package  (CFP)  establishes  technical  and  economic  specifications  to  satisfy  the 
stated  lequiremenL  It  is  prepared  by  TRADOC  and  AMC  proponents  or  by  a  Special  Taric  Force  (STF)  or  a 
Special  Study  Group  (SSG),  formed  for  that  purpose.  The  CFP  consists  of  the  Trade-CW  Detennimuion 
(TOD),  Trade-Off  Analysis  (TOA),  Best  Technical  Approach  (BTA),  and  Cost  and  ()perati(mal  Effectiveness 
Analysis  (COEA)  or  an  Abbreviated  Analysis  (AA).  Die  TOD,  TOA  and  BTA  are  used  to  provide  analytic 
raticmale  for,  as  well  as  technically  document,  the  system  concqitfs)  which  ate  candidates  to  satisfy  the 
requirement  Ihe  COEA  is  used  to  document  the  selection  trf  the  preferred  candidate  to  meet  die  requrrement 
based  on  cost  and  effectiveness.  Definition  of  the  BTA:  A  document  prepared  by  the  AMC  MSC 
propcment  assisted,  as  needed,  by  the  TRADOC  proponent  that  contains:  1)  description  of  the  best 
technical  qi^voach  and  ILS  concepts  based  on  the  results  of  the  TOD  and  TOA,  2)  evidence  that  tiie 
proposed  best  technical  approach  is  engineering  rather  than  experimentai,  3)  estimated  cost  (RDIE,  OMA. 
and  MCA),  total  Army  marpower  requirements,  procurement,  and  scheduling  estimates,  4)  leconunraMtation 
on  whether  fbe  development  should  be  prqjea  managed,  and  5)  draft  environmeiual  impact  statement 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TOY  -  Things  We  Could  Have  Doi^  Differently,  9  June  1988 

Autbrafs):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  a  list  of  tedmical  problems  encountered  during  the  TOY  project 
APPROACH: 

Discussed  prt^lems  encountered  and  possible  solutions  to  these  probtems. 

LESSONS  LEARNED: 

Technical  iROldems  identified  during  die  TOY  project  were:  1)  Lade  of  force  reflection  fin' vehicle  brake  and 
steering  controls;  2)  Lack  of  an  adequate  display  system;  3)  Need  for  an  electrically  powered  head  (or  one 
that  can  be  used  with  the  vehicle  engine  off);  4)  Need  for  faster  turn-around  with  cabte  payout  preparation; 
and  S)  Problems  related  to  head  tracking  using  Polhemus  Isotiack/3-SPACE  Tracka  systems.  Several 
[HDgrammatic  restrictions  also  constrained  progress  during  the  opening  phases  of  CATERS.  Among  rhein, 
the  need  to  conform  to  milspecs,  the  need  to  support  mult^le  missions,  the  need  for  3  CS's  in  a  TOY 
system  and  the  need  fiir  full  day-night  camera  operation  cone  to  mind. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  SimulalcHr  Sickness  Field  Manual  Mod  3,  August  1988 

AutlK>r(s):  Naval  Tiaining  Systems  Center  Human  Factors  Division 

OBJECTIVE: 

To  provide  a  description  of  simulator  sickness,  how  to  recognize  simulator  sickness,  and  bow  to  treat 
simulator  sidmess. 

APPROACH: 

Discussion  on  symptoms  of  simulator  sickness,  who  is  vulnerable  to  simulator  sickness,  guidelines  for 
preventing  simulator  sickness,  engineering  and  maintenance  guidelines,  and  instructor  guidelines. 

LESSONS  LEARNED: 

Simulator  sidmess  is  a  form  of  motion  sickness  which  stHnetimes  occurs  in  simulators.  It  may  be  induced 
by  either  physical  or  visual  motion,  or  by  some  unusual  combination  of  these  two  sources  of  motion 
information.  Symptoms  of  simulator  sickness  include:  leaning,  staggering,  dizziness,  confusion, 
disorientation,  vertigo,  drowsiness,  fatigue,  depression,  apathy,  eye  strain,  blurred  vision,  feelings  of 
warmth,  pallor,  sweating,  headache,  fullness  of  bead,  vmniting.  nausea,  difficulty  focusing  eyes,  stomach 
distress,  burping,  loss  of  appetite,  difficulty  concentrating,  and  visual  flashbacks.  Factors  which  may 
contribute  to  a  crewmember's  suscqrtibility  are:  hangover,  sleep  loss,  flu,  upper  respirattHy  illness,  lt»ad 
cold,  medication,  ear  infection,  ear  blodts,  upset  stomach,  and  emotional  stress.  Maximum  duration  of  a 
simulator  flight  should  not  exceed  2  hours,  if  possible.  Take  txeaks,  drink  fluids,  and  use  time-outs. 
Symptoms  may  occur  immediately  after  a  bop  or  sometime  later.  Be  alert  to  any  symptoms  during  the 
simulator  flight  debrief.  If  any  occur,  make  sure  the  aircrew  member  has  time  to  get  over  the  synqMoms 
before  letting  him/her  leave.  Make  sure  that  the  aircrew  member  is  not  suffering  frtnn  vertigo  before 
driving  an  automobile.  For  any  severe  problems  such  as  vomiting,  vertigo,  or  disorkntatimi,  see  the  flight 
surgeons  immediately  fm  help. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


139 


REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Title:  Teteoperated  Vdiicte  System,  Operator's  Manual,  Equipment  Publication,  Preliminary 

Draft.  September  1988 

AutboKs):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

This  manual  bas  been  (teveloped  for  tbe  purpose  of  providing  a  description  of  tbe  TOV  system,  instnictkms 
for  effective  to  include  initial  preparation  for  use,  operation  and  operatm  level  maintenance  instructions. 

APPROACH: 

Discussicm  of  general  information,  system  equipment,  and  princqtles  of  operation;  operating  instructions 
including:  operator/section  leader  stations;  controls  and  indicators,  operate  CRT  menu  displays,  pre- 
qperadon  procedures,  operation  under  usual  ccmditions,  post-operation  procedures,  operation  under  unusual 
conditions;  and  operator  maintenance  including:  preventive  maintenance  checks  and  services, 
troublesbooting  procedures,  and  unscheduled  maintenance  procedures. 

LESSONS  LEARNED: 

Tbe  TOV  system  is  composed  of  three  remote  vdiicles  (RVs)  equijqted  with  various  misskm  modules,  and 
a  control  van  (CV)  containing  diree  operator  control  stations  and  a  section  leader  station.  Tbe  mobility 
sensors  are  cmnprised  of  either  a  pair  of  bladt  and  white  image  intensified  cameras  or  a  Fulinoo  Night  Sight 
sysuan;  a  pair  of  microphones;  and  a  loudspeaker  for  broadcasting  from  the  RV  all  mounted  on  a 
hydraulically  powered  pan/iilt  platform  which  is  controlled  by  the  operator's  bead  movements.  The  primary 
telemetry  path  between  the  RV  and  the  operator  control  station  is  a  fiber  qnic  data  link.  The  Magnavox 
MX  6102  Terrain  Navigation  System  (TNS)  uses  dead  reckoning  as  tbe  primary  means  of  position  locating, 
with  an  accuracy  of  3%  of  distance  traveled.  PeriodicaHy,  the  position  location  will  be  updated  with 
satellite  inputs,  which  are  accurate  to  within  200  meters.  Tbe  RV  employs  a  diesel-fueled,  quiet,  portable 
mini-generator  to  recharge  batteries  that  will  provide  power  fm  tqieratitm  of  onboard  systems  and  mission 
modules  while  the  vehicle  is  operating  in  tbe  quiet  mode.  Tbe  sensor  platform  (which  is  mounted  oo  a 
hydraulically-powered  mast)  includes  an  infiared  imager,  a  laser  rangefmder  or  a  rangefmder/designator,  and  a 
dayftn^t  10  powered  zoom  lens  (6x)  camera. 


APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Teleoperaied  Mobile  All-Purpose  Platform  (TMAP)  Instruction  Manual,  January  1989 

Autbor(s):  Martin  Marietta  Aero  and  Naval  Systems 

OBJECTIVE: 

To  provide  a  description  of  the  TMAP  operating  systems  and  installation,  operation,  and  maintenance 
procedures. 

APPROACH: 

Discussim  of  electrical  and  mechanical  characteristics,  instaUadon  procedures,  operational  procedures,  and 
maintenance  of  system  components. 

LESSONS  LEARNED: 

Depth  perception  affected.  Driving  camera  was  color,  charge  coupled  device  with  52  degree  FOV  and  auto 
iris.  RISTA  camera  was  B/W  with  20  degree  FOV  variable  focal  length  (25  mm  to  250  mm)  and 
magnification  power  up  to  14  to  1.  Five  communication  links  were  used. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title’  GATERS  Test  Results,  6  March  1989 

AutboKs);  C.  W.  Graham 

OBJECTIVE: 

The  objective  of  this  test  was  to  find  out  the  maximum  ambient  temperature  that  the  electrcmic  and 
hydraulic  compouents  cmrently  on  the  Remote  Vehicle  (RV  2).  HMMWV  #544902  can  operate  under  up  to 
a  limit  of  120  degrees  Fahrenheit. 

APPROACH: 

Discussion  of  results,  recommendations,  apparatus,  test  preparations,  tempoature  test  procedures, 
preoperative  checkout  results,  and  vehicle  operational  checkout  procedure. 

LESSONS  LEARNED: 

At  the  100  deg  F  nominal  test  temperature  everything  worked  except  fcH-  the  Emergency  Abort  System. 
When  die  red  button  was  pushed  on  the  Control  Statioa  the  engine  did  not  shut  off  and  the  emergency  brake 
was  not  q^lied.  Back  at  ambient  temperatures  the  EAS  system  fimctioned  normally.  This  problem  was 
traced  to  a  leaky  tantalum  oyracitor  on  the  EAS  card  in  the  Vehicle  Control  ATR  Cabinet.  This  leaky 
tantalum  c^tacitor  was  replaced  with  a  ceramic  capacitor  of  smaller  value.  Wl^  the  whote  circuit  board 
was  tested  with  a  heat  gun  the  engine  did  shut  down  when  the  EAS  button  was  pressed.  With  the  new 
capacity  installed,  the  110  deg  F  naminal  tenqrerature  mst  was  conducted.  Again  everydiing  worked  excqpt 
for  the  EAS  system  and  one  video  channel.  This  time  the  EAS  system  shut  the  engine  down  but  did  not 
apply  the  emergency  brake.  By  monitoring  the  digital  display  (»  the  EAS  card  in  the  Control  Staticm  it 
was  tqjparent  that  no  EAS  feedback  signal  was  coming  from  the  Remote  Vehicie.  Diis  aiKl  dre  fact  that  the 
EAS  system  did  not  q>ply  the  brake  when  the  vehicle  was  retested  at  ambient  temperature  indicates  that  the 
EAS  microprocessOT  system  on  the  remote  vehicle  permanently  failed  during  ttw  temperature  test.  The 
engine  also  began  missing,  ctHigbing  and  sputtering  every  second  or  so  at  this  temperature.  Since  the 
WATT  light  tm  the  dashboard  blinked  in  synchrmiization  with  the  engine  missing  it  lotdcs  like  the  RUN 
signal  to  the  engine  was  becoming  intermittent  at  110  deg  F.  When  the  nnmimti  120  deg  F  temperature 
test  was  conducted  no  new  poblems  other  than  those  uncovered  in  the  1 10  deg  F  test  occurred. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Test  Status  Report,  20  May  1989 

Autbor(s):  G.  S.  Hall 

OBJECTIVE: 

To  present  the  results  (rf  testing  the  TOV  #1  firtan  8-20  May  1989. 

APPROACH: 

Discussion  of  significant  events,  significant  probtems,  conclusions,  and  lecanmendations. 

LESSONS  LEARNED: 

To  get  longer  lengths  of  cable,  two  and  three  short  pieces  of  fiber  t^c  cable  were  spliced  together  using 
both  FC  type  connectors  and  the  ST  type.  Results  were  generally  good.  On  10  May  1989,  during  a 
mission,  a  tank  crossed  the  cable  without  cmising  so  much  as  a  flicker  of  the  video.  On  11  May  1989,  a 
"bridge  builder”  truck  crossed  the  cable  withtmt  causing  link  degradation.  Mobility  video  was  realigned  to 
near  infinity  vs  18  feet.  This  gives  better  stereo  visitm  for  greater  distance,  but  causes  difficulty  with 
focusing  in  the  cockpit  of  the  RV.  On  9  May  1989,  Murray,  being  intimately  famiiiaf  with  the 
terrain  at  the  test  site,  drove  remotely  to  determine  course  safety.  At  cue  point,  even  though  there  was  no 
video  indication  and  the  safety  observers  could  not  detect  it,  he  nearly  drove  off  about  an  8  foot  drop-ofl. 
Had  he  not  been  aware  of  its  presence  fircnn  (uevioos  experience,  .Tsults  would  have  been  hazardous.  This 
pointed  out  just  how  crucial  stere  video  is  to  the  system.  Video  has  bem  recorded  showing  how  deceptive 
determination  of  the  horizon  can  be.  Since  die  mobility  cameras  use  the  vehide  as  its  "horizontal”  fimne 
reference,  and  since  peripheral  vision  is  limited,  it  is  not  always  possible  for  the  driver  to  determine  adiether 
he  is  going  uphill  m  downhill  as  tqiposed  to  being  level.  One  video  tape  records  the  vehicle  on  an 
aiqiarently  level  road;  when  the  eyes  are  elevated,  however,  the  ocean  in  the  horizon  is  seen  to  be  tilted 
almost  30  degrees!  An  inclinometer  was  installed  above  the  steering  wteel,  visible  to  the  qietator,  as  a 
short  term  solution. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  UGV/TOV  FY  89  3rd  Quarter  Review.  19-20  June  1989 

Autboits):  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  a  description  of  the  UGV/TOV  system  as  of  19/20  June  1989. 

APPROACH: 

Discussimi  of  the  TOV  program  ^^oach  and  objectives,  UGV/TOV  RV  base  vehicle,  RV  vehicle 
controls,  mobility  sensor  system,  navigation  system,  vehicle  navigation  aid  system  (VNAS).  power 
distribution  system,  emergency  abort  system,  RV  processor  system,  RV  mission  module  interface, 
telemetry  interface^rocessor,  CS  vehicle  control,  head  tracker,  CS  processor  system,  control 
vehicle/shelter,  control  station/section  leader  station,  communications  system,  control  vehicle  power 
system,  TOV  video  •  block  digram,  electro-optics  telemetry,  telemetry  trouble  shooting  results, 
conqrarison  of  possible  oommand/data  links,  fiber  optic  command/data  link,  fiber  optic  connectors,  cable 
handling,  observadtm/surveillanoe  misskm  module,  laser  designator  test  results,  mission  module  processor, 
system  builders  tests,  NOSC  UGV/TOV  organtzaiion,  and  the  "Early  User"  test  team. 

LESSONS  LEARNED: 

The  RV  base  vehicle  (M998)  has  the  following  characteristics:  6,400  lbs  gross  weight;  3,400  lbs  payload; 
55  nqih  hwy,  20  mph  offroad;  and  300  mile  range.  Vehicle  additions/modifications  include:  heavy  duty 
suspension,  windshield  and  rolR)ar  removed,  doors  cut  off  at  windows,  alternator  dual  charge  path,  aux 
battery  pack,  2nd  hydraulic  pump  coupled  w/crankshaft,  and  replaced  throttle  return  spring.  The  VNAS 
equipment  takes  380  cubic  iitdies  of  space,  weighs  1,5  lbs,  and  uses  63  watts  on  the  RV  and  takes  90  cubic 
inches,  weighs  3.3  lbs,  and  uses  7  watts  on  the  CS.  Telemetry  trouble  shooting  results:  Eliminated 
ghosting  on  aU  video  channels  by  prcqietly  terminating  the  video  filter,  reduced  duumel-to-channel  cross 
talk  and  noise  in  one  video  diannel  by  inqnoving  circuit  board  layout;  corrected  channel  video  degradation 
on  TOV  #1  by  replacing  video  selectm  board  (possibte  conqwnent  failure);  and  regained  camera  syncs  on 
TOV  #2  by  replacing  litK  driver  (component  failure).  RG  174  Coax.  Cable:  1  Equivalent  Video  Qiaimel. 
4(X)  Equivalent  Voice  Channels,  4  MHz  BW,  70  dB/km  attenuatitm,  1  km  unrepeatoed  distance,  5  nun 
aze,  RV  electronics  cost  $15  K,  and  30  km  of  cable  costs  $15  K.  Radio  (Microwave  RF):  2  Equivalent 
Video  Channel,  500  Equivalent  Voice  (Channels,  6  MHz  BW,  30  km  unrepeatered  distance  (ututbstructed 
line  of  sight),  RV  electronics  cost  S150  K.  Single  Mode  Fibm  Optic  C^le:  5  Digital  Equivalent  Video 
Channel,  16,000  Equivalent  Voice  Channels,  100  GHz-Km  BW,  0.25  dB/km  attenuation,  100  km 
unrqteatered  distance,  2.1  mm  size,  RV  atmics  cost  $15  K,  and  30  km  of  cable  costs  $33  K. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Teleoperated  Vebkle  (TOV)  Program  Jam  Teteoperaied  Veiucle  (JTV)  Demcmstraiioo. 

OemonstratiOQ  Rq)ort,  31  October  1989 

Autbot(s):  SEACO,  A  Division  of  Science  Applications  International  CorpcHatimi 

OBJECTIVE: 

This  &xniment  is  a  report  of  the  Joint  Teleoperated  Vehicle  Demonstration  that  was  cmiducfed  at  USMC 
facility  Camp  Pendleton,  Ca.,  on  20  September  1989. 

APPROACH: 

Discussion  of  demonstratiaa  preparaticms,  rehearsals,  and  demonstration  results. 

LESSONS  LEARNED: 

The  first  and  foremost  problem  was  the  weakness  of  the  fiber-optic  cable,  which  failed  several  times.  The 
cable  broke  when  run  over  by  a  vehicle,  was  severed  by  a  piece  of  sliraimel,  and  snapped  when  it  was  not 
wound  correctly.  A  related  problem  with  the  fiber-<qnic  cable  is  the  cminectors.  They  are  fragile,  and  one 
was  resptmsible  for  the  cable  failure  during  the  first  rehearsal.  Loss  of  contact  with  the  vehicle  can  be 
expected  (m  a  regular  basis  if  the  cable  is  not  strengibened.  A  backup  means  of  communication  between  the 
control  station  (CS)  and  remote  vehicle  (RV)  needs  to  be  develqied  in  case  of  cable  failure.  Cimeady  radio 
is  being  proposed  as  the  alternative,  however,  it  would  defeat  several  purposes  of  the  TOV,  vdiich  include: 
providing  surveillance  around  hills  and  obstacles,  establishing  an  unjammable  remote  ptesenoe  in  a  forward 
area,  and  implementing  surveillance  widi  a  low  possibility  of  electronic  detection.  Once  the  cable  pn^iem 
was  fixed,  another  problem  arose.  The  targm  was  west  of  the  TMAP  position,  and  the  sun  was  low  on  the 
horizon.  As  a  result,  the  camera  on  the  TMAP  could  not  "see"  the  laser  spot  on  the  target,  since  it  was 
"blinded"  by  overexposure  to  the  direct  sun.  The  laser  designator  could  tmly  be  positioned  firmn  the  tent 
where  a  special  filter  on  an  observation  camera  could  detect  the  laser  qxx.  The  camera  personnel  in  die  tent 
then  provitkd  directions  to  TMAP  designator  operator  until  the  qxn  was  on  target.  The  laser  range  finder 
tm  the  TOV  also  experienced  sensitivity  to  temperature  and  did  not  function  at  high  temperatures.  The 
atklidon  of  peripheral  viskm  capabilities  would  greatly  enhance  the  remote  inesence  feeling.  The  cqietator  df 
the  TOV  was  fmind  to  have  trouble  determining  the  situation  of  the  vdiicle,  e.g.,  if  it  is  in  a  ditch,  or 
posititmed  at  an  angle  to  the  plane  of  gravity,  or  if  there  is  smnething  in  the  way  of  the  vehicle  that  is  not 
visible  to  mobility  cameras. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Automating  Danl  Boone,  December  1989 

Autb(n(s):  Yale  Jay  Lubkin 

OBJECTIVE: 

To  present  a  discussion  of  the  JPO  effort  to  develop  remotely  controlled  combat  reconnaissance  vehicles. 
APPROACH: 

Discussed  the  problems  associated  with  the  TMAP  and  the  TOV  systems. 

LESSONS  LEARNED: 

The  TOV  is  too  big  and  vulnerable  to  be  an  effective  Kcan  vehicle.  It  can  do  SS  mph  on  the  highway  and 
20  nqth  off  the  road.  The  TOV  can  be  (iterated  either  remotely  or  with  a  human  driver.  The  TOV  has  a 
payload,  3400  lbs,  big  enough  to  let  it  cany  highly  offensive  weapons,  like  die  Hellilre  and  a  .50  cal  h»vy 
machine  gun.  Stereo  vision  is  provided  by  two  TV  cameras  mounted  on  a  scissors  mount,  and  the  cameras 
can  traverse  a  full  circle.  But  an  enemy  armed  with  just  about  anything  that  shoots  can  quickly  put  it  out 
of  action,  and  it  is  really  much  too  large  to  do  anything  coverdy.  The  TMAPs  have  two  glaring  problems: 
1)  their  speeds  are  low.  Design  speed  for  crosscountry  is  10  Km/hr,  which  is  much  slower  than  a  man  can 
run.  A  single  soldier  can  track  a  TMAP  and  pot  it  out  of  ctanmission  without  ever  being  seen  by  the 
(qieiator.  He  can  see  the  TV  camera  pointing,  and  just  arrange  to  be  invisible  when  the  camera  points  in 
his  direction.  They  need  omnidirectitHial  short  range  visitm,  and  weqxmry  to  match.;  2)  they  are  tied  to  a 
fiber-t^c  cable.  Umy  have  RF  links,  but  these  ate  jammable.  If  dm  ffequency  is  high,  then  the  system  is 
restricted  to  line*of>sight.  If  the  frequency  is  low  enough  to  avoid  line-of-sight  problems,  then  the 
transmioer  interferes  with  the  thousand  other  low  freriuency  channels  which  will  be  cqieraiing  in  wartime. 
Either  way,  the  radio  link  is  a  beacon  to  a  homing  missUe,  and  easy  to  intercept  or  jam.  Hie  fiber  qitic 
link  is  a  very  weak  point.  Fiber  cable  is  limited  to  about  30  Km  to  a  spool,  and  this  is  the  total  travel 
permitted  to  the  TMAP.  That  means  bade  and  forth  and  around  trees.  The  cable  can  snag  and  break.  Itwiil 
be  cut  by  rodes  or  gravel.  And  if  shooting  is  going  on,  shnqmel  is  almost  certain  to  cut  dm  cable.  There 
is  also  the  risk  of  bt^tile  Indians  cutting  the  cable  with  their  hide  hatdmts  just  for  the  fun  of  it  There  is  a 
soludon  to  the  communications  problem  which  is  not  radio,  needs  no  cable,  and  is  not  restricted  by  liim-of- 
sighL 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Teleoperaied  Vefaide  (TOV)  Rpogram,  Coocept  of  EmploymeDt  (COE),  White  Pafier. 

December  1989 

Autbor(s):  SEACO,  A  Division  of  Science  Applications  Iniernational  Corporation 

OBJECTIVE: 

To  identify  broad  operational  and  organizational  concqtts  for  the  emptoyment  of  a  unmanned  grotind  vdtiicle 
(UGV)  system  that  is  based  on  current  UGV  technology. 

APPROACH: 

Discussion  of  mission,  dneat,  description,  organizatitmal  concept,  concept  of  en^loyment  for  the  Remote 
Vehicle  (RV)  and  the  Control  Van  ((TV),  (Mher  operational  considerations,  and  manpower  requiiements. 

LESSONS  LEARNED: 

UGV  missions  include  reconnaissance,  surveillance,  direct  fire,  target  acquisititm,  control  of  sujqxxting 
arms,  and  NBC  reconnaissance  and  monitoring.  Other  missions  such  as  mine  detection  and  clearing  may  be 
added  when  suitable  detection  devices  have  been  devehqted.  UGV  systems  can  perform  hazardous  battlefield 
functitms  effidoitly,  provide  more  eocmomy  of  manpower,  reduce  casualties,  and  act  as  a  force  multiidier. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Critical  Tedioology  Issues  for  FY90  UGV  Robotics  Master  Plan,  1990 

Autboifs);  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  a  list  of  technologies  that  should  be  addressed  in  the  Unmanned  Ground  Vehicle  (UGV)  FY90 
Robotics  Master  Plan. 

APPROACH: 

Discussion  of  Near  Term  Oitical  Technology  Issues,  Long  Term  Technology  Issues,  and  Strengths  and 
Weaknesses  of  the  TMAP  and  TOV. 

LESSONS  LEARNED: 

TMAP  strengths;  real  time  man>in-the>loop  or  teleoperated;  color  driving  video  sensor,  low  light  level 
video  camera  for  night  driving;  digitized  map  diqilay  in  Chumman  TMAP;  light  weight  composite 
structure;  quiet  diesel  electric  drive  in  Grumman;  t^xrates  in  ckrse  quarters  in  trees  and  brush;  and  redundant 
data  links.  IMAP  weaknesses:  extremely  slow  (maximum  speed  8  km/hr  or  5  nqrh);  hard  to  control  in 
straight  line  at  maximum  qreed;  lacks  stereo  vision  display;  vision  field  of  view  limited;  nav  system  has 
rrat  proven  to  be  reliable;  digitized  rmq)  limited  by  map  data  base  available;  new  platform;  no  logistics, 
maintenance,  training  pipeline;  not  easily  adapted  to  multiple  missions;  capable  of  only  light  weight 
mission  payloads;  extremely  noisy  diesel  engine  in  Martin  TMAP;  high  cost  special  design  fiber  optic  link; 
RF  link  requires  rework  to  be  reliable;  only  vision  feedbacks  to  support  teleoperatioo;  joysddt  control 
limits  driving  at  maximum  speed;  poor  system  reliability;  not  oqtable  of  sustained  user  operaiioos;  and 
does  not  meet  rough  terrain  spedficatioiis.  TOV  strengths:  high  speed  (55  mph  on  road,  20  mpb  off  road); 
30  km  remote  operation  range;  remote  driving  controls  duplicate  normal  vehicle;  mobility  visitm  system 
coupled  to  operator  bead  motion;  helmet  mounted  driving  displays  to  give  operator  fed  of  being  in  vehick; 
control  van  with  3  control  stations,  for  multiple  remote  vebide  qrerations;  suitcase  controller  for  single 
vehicle  operation;  standard  command  ml  control  net  access;  section  leader  control  of  aU  vehicle  qperatms; 
satellite  navigation  with  dead  reckoning;  military  UIM  grid  coordinate  display  system;  HMMWV  currently 
in  inventory;  logistics  and  maintenance  program  established;  cqrable  of  heavy  payloads;  teleoperation 
capability  scalable  to  any  size  platform;  fiber  optic  command/data  link,  30  km  long;  RF  safety  abort 
cmnmand  link;  resistant  to  most  field  damage  conditions;  tested  for  rollover  by  tire  and  tracked  vehicles; 
color  video  camera  with  10/1  zoom  for  day;  thermal  imager  far  night  and  smolm  conditions;  acoustic 
detection;  target  ranging/designation;  sensors  mounted  on  extendable  mast,  with  360  degree  pan  at  high  and 
low  qieed  rates;  and  target  viewing  from  defilade  over  10  ft  obstacle.  TOV  weaknesses:  mobiliQ'  sensor 
powered  by  hydraulics;  control  van  considered  cumbersome  for  fleld  ops;  not  transportable  by  helicopier, 
current  design  of  head  mounted  disfriays  are  heavy,  HMMWV  considered  too  big  to  present  requirements; 
does  not  manenvCT  in  wooded  terrain  well;  and  no  RF  backup. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Analysis  and  Concepts  for  Unmanned  We^ixn  Systems  Development  of  tlie  Teteoperaied 

Mobile  Anti  Annor  Platfonn,  January  19^ 

Autlx^s):  Virginia  Young 

OBJECTIVE: 

This  report  details  the  i^ogranunatics  and  tbe  development  of  a  system  that  was  originally  targeted  to 
perform  anti-armor  missions  that  would  allow  for  weapon  enhancements  to  improve  lethality  and 
probability  of  kill  for  several  existing  missile  systems. 

APPROACH: 

Discussion  of  tbe  original  concept  formulation,  research  and  devekqnnent  process,  requirements,  program 
development,  ccotractual  efforts,  and  conclusions. 

LESSONS  LEARNED: 

Near-term  technology  will  support  defensive  missions  only  in  remotely  operated  configurations.  Long- 
range  high-speed  dynamic  operations  are  not  state-of-the-art.  Near-term  vehicles  must  be  simple,  small, 
lightweight,  easy  to  operate,  and  inexpensive.  Robotic  features  for  the  near  term  will  be  limited  to 
relatively  simple  operations  such  as  slow  movement  over  familial  paths,  detection  of  nmving  targeu  for 
operator  cueing,  and  preplanned  actions. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  CALEB  Design  Fdttures,  3  January  1990 

AuthorCs):  Elizabetb  S.  Redden 

OBJECTIVE: 

To  MimmariTe  the  results  of  interviews  with  two  Tactical  Multipurpose  AntcHnated  Plsufoim  (TMAP) 
instnictor/operatars. 

APPROACH: 

Discussion  on  the  Driving  Video  System,  Targeting  Video  System,  CRT  Display.  Navigational  System 
Display,  Controls.  Pan/Tilt  Control,  Operator  Control  Unit  (OCU),  and  Mobility  Base  Unit  (MBU). 

LESSONS  LEARNED: 

A  color  camera  is  preferred  to  black  and  white  because  it:  1)  adds  more  realism.  2)  permits  faster  and  better 
target  identification,  3)  provides  more  definition,  and  4)  heightens  awareness  of  surroundiings.  Depth 
perception  is  better  with  color  systems.  The  ability  to  detect,  recognize  and  identify  targets  out  to  1000 
meters  is  not  a  problem  fo’  either  the  Grumman  or  the  Martin  Marietta  systems.  The  systems  are  so  low 
to  die  ground  that  false  readings  sometimes  occur  because  of  vegetation  in  the  path  of  the  range  finder.  Tire 
RF  link  is  reliable  only  when  line  of  sight  between  the  t^ierator  console  and  the  vehicle  is  maintained.  The 
fiber  optic  link  [aovides  a  clear  picture  but  is  vulnerable  to  breakage  and  has  a  limited  range.  The  Martin 
Marietta's  sldd  steer  is  more  difficult  to  team.  The  system  is  bard  to  control  with  die  joystick.  The  size 
and  wei^t  of  the  Grumman  OCU  is  ctmsidered  cicessive  by  both  interview  subjects.  The  Martin  Marietta 
system  consists  of  too  many  separate  conqiooents  to  be  pmable.  Recommend  that  the  OCU  have  built  in 
retractable  or  stowable  legs  for  out  of  vehicle  operations  and  that  a  lightweight  portable  chair  or  stool  be 
provided  for  out  of  vehicle  operadons.  The  length  of  time  one  man  can  ccrndnuously  operate  the  system 
depends  upon  the  mission.  ¥ot  missioas  involving  a  lot  of  movement  or  for  missions  while  the  operator 
is  in  MOPP4  conditions,  the  time  should  be  reduced.  Both  interview  subjects  felt  that  4  hours  should  be 
die  maximum  time  for  intensive  missions.  (One  subject  stated  that  (me  tqierator  could  manage  an  8  hour 
shift  if  it  was  primarily  surveillance  without  much  movement  involved.)  He  further  stated  that  times 
should  be  reduced  by  50%  for  MOPP4  conditions.  Operator  feedback  probkuns  identified  were  defUb 
percqition  and  judging  slope  angles.  The  Martin  Marietta  system's  indcKuneter  helps  jiulge  sk^. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  UGV/TOV  In-Process  Review,  FY  89  4th  Quaner,  FY  90 1st  Quarter,  8  January  1990 

Authors):  Naval  Ocesi  Systems  Center 

OBJECTIVE: 

To  inesent  a  (kscriptiao  of  the  UGVfTOV  system  as  of  8  January  1990. 

APPROACH: 

Discussion  of  the  TOV  inogram  objective,  TOV  system,  control  station,  lessons  leamed/upgiades  required, 
mobility  sensor  system,  helmet-mounted  display  system,  fiber  t^c  command/daia  link,  cable  bend  loss 
test,  section  leader/data  acquisition  systems,  communications  system,  observation/surveillance  mast, 
observation/surveillance  sensor  suite,  TOV  demo  for  Sth  Marines,  RSTA  demo  1st  Marine,  testbed 
vehicles,  UGV/TOC,  control  station  options,  vision  display  alternatives,  night  vision  sensor,  and 
UGV/TOC  tradeoff  studies  -  NOSC  areas. 

LESSONS  LEARNED: 

The  remote  vehicle  is  a  HMMWV  (M998  soies)  which  has  the  following:  80  km/hr  hwy,  35  km/hr 
offroad;  day  <q)s  -  night  upgrade  avail^le;  bead  coiq>]ed  stereo  visicm  and  binaural  acoustic  sensors;  nav  in 
military  grid  coordinates.  Ibe  reconnaissance/surveillance/target  acquisition  module  has  the  ftdlowing: 
extended  mast;  Cohu  Model  4800  B&W  video  with  10:1  zomn  (daylight);  ANfTAS  4A  thermal  imager 
(smcdce^ght);  AN/PAQ  3  Mule  laser  ranger/designator,  and  ADS  acoustic  sensor.  This  suite  has  a  total 
weight  of  174  lbs.  Ihe  we^ron  pedestal  has  the  following;  ground-launched  Hellfire  missile;  and  M2 
heavy  machine  gun.  Visual  vs  vestibular  conflia  causes  nausea  effects.  Inqxoved  feedbadcs  (road  noise, 
accelerations,  wind  in  force)  could  reduce  diis  conflict  Color  vision  is  piefened  over  B&W.  Cyclops 
(NFOV)  on  demand  will  improve  "down  road"  vision.  Stereo  required  for  close-in  obstacles/holes 
avoidance.  Awareness  of  vehicle  situation  requires  "seat  of  pants"  or  visual  indication  of  attitude.  FO  cable 
vulnerable  to  high-speed  rollovers  by  wheeled  vehicles  and  to  shraimel.  Beld  splicing  FO  cable  is 
mandatory.  Higher  resoludcni,  color  vision  system  approaching  l(X)(tline  NTSC  jnefenred.  Extendable 
scissors  lift  stable  at  maximum  extension  in  the  wind  (can  use  at  variable  heights  from  6  to  12  feet  above 
ground).  Laser  beam  jitter  180  micmadians.  Laser  designation  out  to  2  km.  Ihe  mobility  soisor  system 
features/capabilities:  1)  pan:  +/- 185  *,  120*/s,  240“/s2;  2)  tilt:  +/-  45';  3)  hydraulically  powered;  4)  Cohu 
4800  CCZD  stoeo  TV  camera  pair,  5)  2.75  inch  separation;  6)  30  feet  convergence;  7)  full  overlap  at 
convergence;  8)  40  degrees  FOV;  9)  500  TVL  horizontal.  350  TVL  venicai;  10)  1  lux  to  bright  light;  11) 
binaural  acoustic  sensors;  12)  50-12000  Hz  fitequency  range;  13)  15  db.  - 146  db.  dynamic  range;  and  14) 
artificial  pinnas. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide;  Operational  and  Organizational  Plaa:  Tactical  Unmanned  Ground  Vehicle  (CALEB), 

Bnal  Draft,  21  February  1990 

Autbor(s):  U.S.  Army  Training  and  Doctrine  Cmnmand,  U.S.  Army  Infantry  School 

OBJECTIVE: 

To  provide  a  descrqxkn  of  the  qieiatioiiai  characteristics  of  Tactical  Unmaimed  Ground  Vehide  (CALEB). 
APPROACH: 

Discussion  of  the  need  fm,  the  threat  to  be  countered  by,  the  survivability  of,  the  sensing  c^abilides  of, 
the  mobility/tiansportability  characteristics  of,  the  comnumd/cimtrol  issues,  the  operatitmal  plan,  the 
organizational  plan,  the  logisdcs/maintenance  omcepts,  the  manprint  issues,  the  communication  systems, 
the  navigation  systems,  and  standardizationrinteropetability/commonality  issues  of  the  Cald). 

LESSONS  LEARNED: 

Deficiencies  defined  by  the  1989  TRADOC  BDP  are;  1)  Inadequate  amiability  to  locate  targets  during 
periods  of  limited  or  obscured  visibility,  2)  Inadequate  curability  to  collect  threat  infmmation  • 
lEW/HUMINT,  3)  Inadequate  caqiability  to  locate  targets  beytmd  Une-of-sight,  4)  Inadequate  curability  to 
operate  in  NBC  conditions,  S)  hiadequate  curability  to  ctdlect/process  threat  infoimatioD  in  the  rear  area,  6) 
Inadequate  capability  of  dismounted  forces  to  attadc  a  heavy  threat,  7)  capability  to  detea  NBC 

hazards,  8)  Inadequate  curability  to  strategically  deploy  critical  systems  of  cootingeocy  forces,  9)  Inartegimti* 
curability  of  infantry  faces  to  aoack  targets  in  urban  areas,  10)  Inadequate  capability  to  provide  physical 
security  for  tear  area  units,  11)  Inadequate  oqrability  to  coodua  deception  t^reraticms,  atHl  12)  iimdeqinrtp 
omrability  to  conduct  Battlefield  Circulatkm  Contrcd  (BCC).  In  the  passive  mode,  the  Calrir  will  be  audibly 
nondetectable  by  a  soldier  within  10  meters.  When  moving,  the  C^aleb  will  be  audibly  nondetectable  by  a 
soldier  at  a  distance  of  1(X)  meters.  The  Caleb  will  be  aqrable  of  being  drivoi  and  qrerated  during  the  day 
and  periods  of  limited  visibility,  with  an  operating  radius  of  4km(required)/l(lan(desited)  Gram  the  operator’s 
remote  position.  Funding  implicatiais;  1)  (Quantity  •  S,069  Calebs,  2)  RDTE  -  $29,000  gach  Caleb.  3) 
Procurmnent  Qrst  -  $129,000  each  Caleb.  4)  Unit  Cost  •  $100,000  each  (2aleb,  and  Life  Cycle  -  $1.2 
Billion. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Teleoperated  Vehicle  (TOV)  Program,  Revised  Required  Operadonal  Capability  (ROC)  for 

Unmanned  Ground  Vehicles.  Final  Draft,  26  February  1990 

Authot<s);  SEACO,  A  Division  of  Science  Applicaticms  International  Corporation 
OBJECTIVE: 

To  review  the  Draft  Required  (^rational  Cjq)ability  (ROC)  for  the  Unmaimed  Ground  Vehicle  (UGV) 
System  to  provide  alternative  concepts  for  consideration  in  further  UGV  development 

APPROACH: 

Review  the  draft  ROC  and  compare  its  provisions  with  the  TOV  Program  Concept  of  Employment  (COE) 
White  Paper  of  December  1989,  the  U.S.  Army  Operational  and  Organizational  (O&O)  nan  for  Tactical 
Unmanned  Ground  Vdiicle  (Caleb)  dated  27  November  1989,  and  the  ROC  deserves  outlined  in  MCO 
PS0(X).10.  nepare  reoHnmended  additions,  deletions,  or  other  changes  and  include  these  within  the  draft 
ROC  as  lined-out  deletions,  underlined  inserts,  and  rationale  statements  that  explain  the  proposed  change. 
Publish  a  Required  Operational  Qqnbility  for  the  UGV  with  two  attachments.  Attachment  A  will  contain 
the  Draft  Marine  Corps  UGV  ROC  in  its  final  iteration,  amended  to  show  deletitms,  inserts,  and  rationale, 
and  Attachment  B  will  contain  a  "clean"  version  of  the  proposed  UGV  ROC,  with  the  lined-out  tfeletions, 
underlined  inserts,  and  rationale  statements  deleted. 

LESSONS  LEARNED: 

Mission  profiles  inclode  reconnaissance/surveillaace,  direct  fire,  target  locaticm  and  control  of  supporting 
arms,  and  NBC  reconnaissance  and  monitoring.  The  Mobile  Base  Unit  (MBU)  must  precede  or  accompany 
mechanized,  motorized,  (k  dismounted  forces  in  offensive  operations.  The  UGV  video  system  will  be 
stereoscopic  and  wiU  function  under  both  day  or  night  conditions.  MBU  must  be  as  itwmii  as  possible,  with 
consideration  for  the  various  mission  modules  and  the  need  for  mobility.  Operational  range  of  the  MBU 
will  be  30  km  required  and  50  km  desired.  The  UGV  will  be  considered  expmidable  when  employed  in  high 
risk,  hostile  environments,  and  therefore  will  possess  no  armor  protection  against  enemy  fire. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCES 

Title:  Broad  Area  Anoouncement  for  Develt^ment  of  Remotely  Controlled  Systems  for  a 

SiuTogaie  Teleoperated  Vehicle,  10  May  1990 

Autborfs):  Naval  Ocean  Systems  Center 

OBJECTIVE; 

To  solicit  the  participation  of  all  offerers  capable  of  meeting  the  needs  defmed  in  the  Broad  Area 
Announcement 

APPROACH; 

EMscussion  of  general  system  features,  desirable  system  features,  and  required  system  features. 

LESSONS  LEARNED: 

Servo-controls  backdrivable  allowing  manual  operation.  Desirable  features:  maximum  size  •  5.S  ft  width  x 
5.5  ft  height  x  13  ft  length;  5500  lbs  gross  weight;  quiet  muffled  diesel  engine;  automatic  transmission; 
250  miles  range;  35  nq>h  on  improved  roads,  25  mph  off-road  terrain,  and  IS  mph  climbing  60%  grade; 
traverse  40%  side  slope;  ford/swim  2  ft  deq)  water,  minimum  payload  800  lbs;  extendable  mast;  platform 
motion  range  W-  45  degree  tilt  cm  -f/- 180  degree  pan;  Mobility  Sensor  Suite:  video  camera  pair,  each  40- 
60  degree  field-of-view  overi^rped  for  stereo,  stereo  aligmnent  and  lock  cqmbility,  high  resolution  solid 
state  imagers,  image  stabilization,  auto  iris  control,  blocmi  and  smear  resistance,  RS-170A  ouqwt,  mounts 
for  canmra  pair  with  night  vision  lenses;  triaural  (3  senscn)  acoustic  detectkm  system,  30faz  -20hz  response, 
60  db  dynamic  range,  balanced  binaural  output;  GPS  with  dead  reckoning  and  SATNAV  ot  iimnia] 
navigation  badcup,  8  digit  GPS  and  6  digit  backup  accuracy,  remote  platform  speed,  beading,  position 
(U7M  grid  coordinates)  in  RS-422  format;  RSTA  Sensor  Suite:  color  video  camera,  14:1  zoom  lens  or 
switched  wide  (40-45  degree)  to  narrow  field-of-view.  high  resoludtm  solid  state  imager,  blocnn  mid  streak 
resistance,  auto  iris  control  RS-170A  ouqmt,  mount  for  camera  with  night  vision  lens;  FLIR  viewer  (8-12 
micron  spectral  band)  or  mount  fm  GFE  system  (AN/TAS-4A),  RS-170A  output;  Laser  ranga/designator 
or  mount  for  GFE  system  (Opto-Electronics  LTM-86),  RS-170A  for  sight  camera,  calculated  target 
position  in  milgrid.  Required  features:  operadoo  in  temp  range  0-50  degrees  C.  in  rain,  snow,  dusi  over 
paved/seoondary  roads,  off-road  (est  20  g  shocdc  and  vibration),  in  all  soil  types  and  2  ft  deep  water. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Saodia's  Security-To-Go,  June  1990 

Autboits):  Tecb  News,  Mechanical  Engineering 

OBJECTIVE: 

To  discuss  Sandia  National  Laboratory's  versatile  security  system. 

APPROACH: 

Discussion  of  the  Thomas. 

LESSONS  LEARNED: 

The  remote  security  system,  which  consists  of  an  unmanned  ptntable  sensor  station,  a  radio-controlled 
reconnaissance  vehicle,  and  an  integrated  control  console,  can  be  used  in  situations  where  more  permanent 
security  systems  are  inqiractical.  The  portable  sensor  station,  which  is  small  enough  to  be  transported  in  a 
pickup  truck,  is  equipped  with  intrusion  sensors  that  can  transmit  data  to  an  operator  located  at  a  control 
console  mt»e  than  a  mile  away.  It  is  equipped  with  a  passive  infiared  motion  sensor,  video  camera,  near- 
infrared  spotlight,  ground  surveillaoce  radar,  and  four  microphones.  Also  included  are  weather  sens^vs  that 
measure  wind  speed,  temperature,  light  level,  and  predpitatitm.  The  sensors  are  mounted  on  a  platform  that 
can  tilt  and  revolve  to  adjust  to  the  field  of  view.  The  sensor  station  is  augmented  by  a  roving 
reconnaissance  vehicle  that  can  carry  video  cameras  and  sensors  to  areas  obscured  by  trees  and  brush.  The 
radio-controlled  vehicle,  called  Thomas  (for  telemanaged  mobile  security  station),  is  based  on  a  Honda  350 
four-wheel-drive,  all-terrain  vehicle.  Thomas’s  cameras  and  sensors  are  mounted  on  a  pneumatic  mast  that 
can  be  raised  10  ft  above  ground  level. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Sunogaie  Teleoperated  VebicJe.  Technical  Pn>posai,  30  July  1990 

AtidxH<s):  Robotic  Systems  Technology.  Division  of  F  &  M  Machine  Corporation 

OBJECTIVE: 

To  provide  a  tedinical  description  of  the  proposed  surrogate  teleoperated  vehicle  (STV)  with  discussion  on 
the  mobile  base  unit,  operator  control  unit,  communication  links,  and  RISTA  mission  module;  including 
rationale  for  major  competent  choices  along  widi  explanations  of  bow  each  choice  relates  to  requirements 
in  the  Army  Operational  &  Organizational  (O&O)  Plan  and  the  Marine  Corps  Initial  Statement  Of 
Requirement  (ISOR)  or  lessons  learned  from  past  unmanned  vehicle  experieoce  (i.  e.  TMAP  and  TOV). 

APPROACH; 

Discussion  of  the  technical  objectives,  technical  concepts,  technical  approach,  scope  of  proposal, 
subcontractors/teaming,  management  organization,  personnel  qualifications,  place  and  period  of 
perfonnance,  special  considerations,  security  clearance,  and  additioaal  hardware  options.  The  STV  program 
was  broken  down  into  four  distinct  phases  to  analyze  potential  sctedule  slips  and  cost  overruns;  the  initial 
design  effort,  material  ordering,  system  integration,  and  assembly  and  testing  of  imits. 

LESSONS  LEARNED: 

The  mechanical  failures  in  the  TMAP  chassis  were  due  to  the  use  ttf  a  one-of-a-kind,  custom  chassis;  STV 
uses  a  proven  chassis.  The  lack  of  a  true  suspension  cm  the  TMAP  limited  the  vehicle  speed  to  7  -  8  m{:A; 
the  STV  uses  a  proven  suspension  systm.  The  TMAP  used  skid-steering  which  was  awkward  to  safely 
operate  remotely  and  was  difficult  and  expensive  to  etectrcmically  control;  the  STV  uses  Ackerman  steering. 
The  four-wheel  vehicle  used  for  the  TMAP  lacked  adequate  size  and  all  terrain  mobility;  the  STV  uses  the 
largest  platform  that  wiB  fit  in  the  bed  of  a  HMMWV  and  a  six -wheel  drive  platfonn  to  provide  maximimi 
rough  and  ail  terrain  mobility.  The  STV  uses  a  scissen^  type  (rectangular  pantograf^)  mast  design.  Based 
on  TMAP  test  results  at  Sandia  National  Laboratory  and  29  Palms  and  the  IR&D  HMMWV  tesdied,  the 
STV  uses  the  maximum  stereo  resolution  currently  commercially  available  in  an  NTSC  format.  The 
TMAP  used  a  black  and  white  camera  with  an  image  intensifier  for  daytime  driving  and  targeting  which 
reduced  resolution  and  degraded  the  image  considerably;  the  STV  uses  four  sqjarate  camera  mounts  to  allow 
simultaneous  use  of  both  day  and  night  targeting  and  driving  cameras.  The  STV  uses  a  high  resolution 
color  targeting  camera  for  improved  target  detection  in  cluttered  or  constant  color  scenes.  The  STV  ADS 
system  provides  true  360  binaural  bearing  with  three  pairs  of  microplxmes  and  the  c^iability  to  perfoim 
elecnrtmic  beamforming  to  mimic  die  rotation  ability  of  the  human  head.  STV  uses  the  TMAP  navigation 
system  approach. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


156 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  TraJe-Off  Detenninatkm,  United  State  Army  Tactical  Unmanned  Ground  Vefaicle  (Cald)) 

and  United  States  Marine  Corps  Utunanned  Ground  Vebicle  (UGV),  Volume  I. 
InmxhicticHi,  Concepts,  Analysis,  Conclusions,  28  September  19^ 

Auttx>r(s):  U.  S.  Army  Material  Command 

OBJECTIVE; 

Tbis  Trade-Off  Determination  (TOD)  was  prepared  for  tbe  U.S.  Army  Infantry  School  (USAIS),  die  U.S. 
Marine  Corps  Combat  Develoinnent  Command  (USMCCDC),  and  the  Joint  Projea  Manager  for 
Unmanned  Ground  Vehicles  (UGV).  The  purpose  of  tbe  TOD  was  to  provide  infmmaiion  on  ranges  of 
materiel  options  available  to  address  existing  battlefield  deficiencies.  The  U.S.  Army  Draft  Opermional  and 
Organizational  (O&O)  Plan  and  the  U.S.  Marine  Corps  Draft  Required  Operatirmal  Characteristics  (ROC) 
define  die  deficiencies.  The  report  addresses  the  reladonships  between  performance,  physical  characteristics, 
procurement  cost,  availability,  siqipcntability,  and  risk. 

APPROACH: 

Descriptions  of  plausible  technical  qiproaches  or  concepts  including  modifying  existing  materiel  and  using 
non-develqnnental  items  (NDl)  were  provided.  Vitdile  future  or  evolving  technologies  and  materiels  were 
addressed  as  possible  preplanned  product  improvements  (P^O.  Tbe  core  of  tbe  TOD  describes  bey  trade-off 
relationships  between  alternate  ^iproacbes  and  tbe  reladonsbip  of  perofotmance  characteristics.  Bands  of 
performance  woe  defined  in  an  effort  to  provide  general  guidance  to  tbe  Trade-Off  Analysis  (TOA)  rmber 
than  providing  detailed  design  trade-offs.  Estimates  of  acquisition  costs,  {dans,  and  sctaedutes  were  induded. 
Technical  tqiptoaches  were  recommended.  However,  these  rqiproacbes  are  not  specific  bardwaie  solutions, 
but  solutions  representing  a  particular  technology. 

LESSONS  LEARNED: 

The  majority  of  tbe  subsystems,  (which  provide  the  desired  performance),  require  militarization  or 
niggedization.  Two  critical  trade-(^  areas  for  the  combat  developers  are  mobiliQr  versus  traru^iortalMlity  and 
cost  versus  missitm.  Based  <ni  mobility,  transportability,  and  safety  factors,  tbe  Mcdiile  Base  Unit  (MBU) 
should  not  exceed  about  6.5  feet  in  Imigth,  5.5  feet  in  width,  5.0  feet  in  height,  and  1.0  um  in  weight 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trade-Off  Detenninaiion,  United  State  Anny  Tactical  Unmanned  Ground  Vehicle  (Cateb) 

and  United  States  Marine  Coqts  Unmanned  Ground  Vehicle  (UGV),  Voliune  II, 
Appendices,  28  September  19^ 

Authorfs):  U.  S.  Army  Material  Command 

OBJECTIVE; 

To  provide  a  listing  of  references  used  in  the  TOD,  Volume  I. 

APPROACH: 

The  U.S.  Army  O&O,  the  Operational  Mode  Summary/Mission  Profile,  the  Rationale  Annex,  the 
Coordination  Annex,  the  Operationai  Concqit,  die  U.S.  Marine  Coips  ROC,  the  TOA  Study  Plan,  and  a 
Market  Survey  is  included  in  this  report.  Additional  sources  included  were  a  listing  of  Contributors,  MBU 
Support  Documents,  OCU  Support  Documents,  RSTA/Driving  Module  Support  Documents, 
Communication  Data  Link  Support  Documents,  Navigation  System  Support  Documents,  TOD  Joint 
Working  Group  Minutes,  ILS  Support  Documents.  MANPRINT  Support  Documents,  Cost  Support 
Documents,  and  RAM  Support  Documents. 

LESSONS  LEARNED: 

The  most  promising  platforms  for  the  MBU  are  commercial  grade,  multiple  wheel  drive  ATVs.  The  6x6 
amphibious  wheeled/track  convertible  chassis  appears  to  offer  a  good  compromise  of  capabilities.  If 
amfdiibious  c^bility  can  be  left  off.  a  suspended  multiple  wheel  drive  ATV  is  recommended.  It  was 
determined  that  the  portable  concept  (<40  lbs)  does  not  have  enough  spare  weight  to  provide  radio 
communication  and  thus  can  only  accomodate  fiber-optic  communication.  The  OCU  will  most  likely  be  a 
two  or  three  piece,  100  pound  unit  unless  radio  communications  are  avoided.  For  RISTA,  rccorrunend  the 
AN/rAS4-A  type  FLIR  Fv  driving,  recommend  an  AN/VVS'2  type  image  intensified  viewer  coupled  to  a 
high  resolution  balck  and  white  camera.  For  daylight  viewing,  recommend  a  high  resolution  color  video 
system.  For  navigation,  recommend  a  hybrid  navigation  system  that  integrates  an  inertial  based  Vehicle 
Navigaticm  Aid  System  (VNAS)  and  a  global  positioning  system. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Openaunal  and  Organizational  (O&O)  Flan  for  tbe  Tactical  lAunanned  GnMmd  Vebicte 

(TUGV).  30  November  1990 

Autbor(s):  U.S.  Army  Training  and  Doctrine  Command  (TRADOQ 

OBJECTIVE: 

To  provide  a  description  of  tbe  qjetational  characteristics  of  Tactical  Unmanned  Ground  Vehicle  (TUGV). 
APPROACH: 

Discussion  of  the  need  for.  the  threat  to  be  counter^  by,  tbe  survivability  of,  tbe  sensing  captdulities  of, 
tbe  mobility/transportability  characteristics  of.  the  command/control  issues,  the  operational  plan,  tbe 
organizational  plan,  the  logisdcs/maintenance  concepts,  the  manprint  issues,  tbe  communication  systons, 
the  navigation  systems,  and  standardizatkm/intertqjerability/commonaHty  issues  of  tbe  TUGV. 

LESSONS  LEARNED: 

TUGV  is  vulnerable  to  threat  weapons  Crmn  small  arms  to  heavier  weapoosAnines.  A  TUGV  using  radio 
control  will  be  vulnerable  to  radio  dectrcmic  combat  TUGV  is  also  likely  to  be  subjected  to  tbe  effecu  of 
NBC.  directed-energy  weqxms,  obscurants,  and  Electromagnetic  Pulse  (EMP).  TUGV  will  operate  during 
day,  night  and  periods  of  limited  visibility,  and  have  an  operatitxial  range  of  up  to  ten  kilometers  &om  the 
openux.  It  should  also  be  ctqtabie  of  tranqxttting  the  operatm  and  his  individual  equqnneot  within  tbe  unit 
area  of  (^)erati(His.  TUGV  should  have  features  which  allow  fm  automatic  stop,  and  permit  tbe  operator  to 
locate  tbe  remote  system  in  the  event  tbe  cotnmand/communications  link  is  intemqpced  or  lost  TUGV  will 
miq>loy  an  onboard  Position/Navigation  capability  that  wUl  provide  grid  locaticm  and  heading  information. 
Tbe  TUGV  should  be  survivable  against  small  anns/artillery  firagmentations  to  at  least  the  level  of  the 
soldier  for  which  it  surrogates.  The  TUGV  should  be  able  to  conduct  its  itmom  missicm  for  12  to  14 
hours,  imrluding  travel  time  to  and  from  the  (iterator's  locatitm,  while  (iterating  non  line-of-sight  from  the 
operatttr.  Tbe  TUGV  should  provide  the  (iterator  with  the  capability  to  view  tbe  target  area  frtan  behind 
obstacles  5  meters  or  more  in  height  Duiing  static  opeiatioiis  tbe  TUGV  should  permit  tbe  operator  ut 
control  1  moving  system,  while  monitoring  3  other  systems.  Funding  implications:  1)  RDTE  - 100  - 
200M,  2)  Procurement  Cost  >  250  -  5(X)M,  3)  Unit  Cost*  100  -  200K,  and  4)  Life  Cycle  •  1  -2  Billion. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Initial  Statement  of  Requiremm  (ISOR)  for  an  Unmanned  Ground  Vebicle  (UGV) 

System.  26  December  1990 

Authors):  U.S.  Marine  Ctnps 

OBJECTIVE: 

To  provitte  a  description  of  tbe  operational  characteristics  of  an  Unmanned  Ground  Vehicle  (UGV). 
APPROACH: 

Discussion  of  the  need  for,  die  threat  to  be  countered  by,  the  survivability  of,  the  sensing  capabilities  of, 
the  mobility/transportability  characteristics  of,  the  cotnmand/control  issues,  the  operational  plan,  the 
organizatitnal  plan,  the  logistics/maintenance  concepts,  the  manprint  issues,  the  communicadmi  systems, 
the  navigation  systems,  and  standardizadoa/interoperability/cmnmonality  issues  of  tbe  UGV. 

LESSONS  LEARNED: 

The  UGV  will  be  enqiloyed  in  direa  su^xirt  of  individual  infantry  battalions,  separate  battalions  and  the 
artillery  regiment  of  tbe  Marine  Diviskm.  Scane  of  the  missions  that  ibe  UGV  will  be  able  to  perform  ate 
as  follows:  1)  Reconnaissance/surveillance,  2)  Direct  fire,  3)  Target  location  and  control  of  supporting 
arms,  and  4)  NBC  reconnaissance  and  monitoring.  When  fully  equipped,  the  vehicle  platform  must  meet 
the  following  requirements:  1)  unmanned  operaticm  speed  of  15  midi  (24.15  km),  10  nqib  off-toad,  rough 
terrain,  2)  if  manned  or  loaded  in  a  veiucle  or  trailer,  able  to  achieve  ctmvoy  speeds  of  35  mpb  (56.35  km), 
25  mph  (40.25  km)  off-road,  rough  terrain,  3)  must  be  cqiable  of  operating  in  tain,  snow,  ice,  military 
standard  sprays,  mud,  sand,  and  all  soil  types,  and  4)  acoustical  sensms  must  allow  normal  human  sound 
localizatitm  c^bilities  at  the  remote  site.  Tbe  Reconnaissance/Surveillance  Misuon  Module  must 
perform  the  following  tasks;  1)  360  degree/64(X)  nuls  optical  scan  in  both  manual  and  automatic 
operational  modes,  2)  detect,  acquire,  and  identify  vehicular  targets  at  2  km  and  perstninel  targets  at  1  km 
under  all  lighting  condititms  with  an  accuracy  of  0.90,  ami  3)  detenooine  tbe  position  of  die  remote  platfcnm 
relative  to  the  control  stadon  with  an  accuracy  of  +!•  10  meters.  Laser  designation  of  targets  fm  passive 
laser  guided  munitions.  Provide  secure,  ntm-jammable  communicatimi  when  the  renrote  platform  is  beytmd 
the  line-of-sigbt  of  tbe  connol  stmion.  The  UGV  will  have  a  working  radius  of  10  km  (30  km  desired). 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


160 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

11116:  CDRL  A0013,  Contract  Summary  Report  (Demonstration  Report),  IS  February  1991 

Author(s):  Scott  Endo  and  Douglas  Will 

OBJECTIVE: 

To  present  the  results  obtained  from  testing  performed  at  Twenty^nine  Pabns,  Camp  Wilson. 
APPROACH: 

Provided  a  descr^tion  of  tbe  demonstration,  attendee  observadons/reactions,  and  problems/resolutions. 
LESSONS  LEARNED: 

Due  to  the  highly  mobile  nature  of  tbe  exercise,  the  terrain  over  which  tbe  vehicle  was  to  be  driven  could 
not  be  previewed  beforehand.  Despite  this  fact,  however,  off-road  remote  driving  and  surveillance 
maneuvers  were  acccnqilished  in  conjunction  with  Marine  ground  forces  deployed  on  the  target  range. 
Night  surveillance  capability  was  also  successfully  demonstrated.  Constructive  comments  from  tbe  1/9 
Marines  staff  included  the  following:  Hiey  would  like  to  see  a  night  driving  capability  (as  well  as 
surveillance)  for  the  TOV.  Their  drivers  are  currently  utilizing  PVUS  goggles  on  a  regular  basis  to 
maneuver  at  night  Tbe  use  of  fiber  optic  cable  was  thought  to  be  a  drawback  since  it  could  easily  be  cut 
and  had  to  be  retrieved  following  the  exercise.  (Tbe  counter  argument  in  favor  of  fiber  optic  cable  is  that  it 
provides  for  secure  communications,  is  extranely  durable  despite  its  appearance,  and  would  be  e^qjendable 
under  actual  combat  conditions).  Tbe  Communications  Drawer  in  tbe  Control  van  still  has  various 
problems  which  have  existed  since  the  September  '89  demo  and  after  a  mtne  recent  rewiring.  A  major 
troubleshooting  effort  will  be  required  to  get  all  of  tbe  communication  channels  wtHldng  fm  full  (iterator 
and  supervisor  ctanmunicatitHis  capabilities.  As  mentioned  in  the  IS  February  1991  Stanis  Report,  the 
Magnavox  Navigator  seems  to  have  lost  its  auto  start  capability  and  is  incapable  of  locating  a  satellite. 
Tbe  dealer  may  have  to  be  contacted  to  resolve  this  problem. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Memorandum  for  Record:  BTA  Input,  19  Febniaiy  1991 

Autboi<s):  BTA  Team 

OBJECTIVE: 

To  consolid^  and  document  questions  and  comments  peitaining  to  the  fcnmulation  of  the  Best  Technical 
Approach  (BTA)  for  the  Unmanned  Ground  Vehicle  (UGV)  program. 

APPROACH: 

The  memorandum  was  divided  into  the  following  categories:  overall  system  questions  (mission  scenark) 
questions  and  operational/mission  outline),  man/machine  interface  problems,  logistics  questions, 
MANPRINT/operator  requirements  problems,  command  and  ctmtrol  questions,  q>ecific  subcomponent 
questions  (mobile  base  unit,  operator  control  unit,  communications  links,  payloads),  and  q)edftc  tiade-off 
analysis  requirements. 

LESSONS  LEARNED: 

Clear  understanding  of  the  mission  objectives  must  be  fmalized,  human  factors  and/or  degree  of 
man/machine  interface  must  be  analyzed  and  optimized,  and  a  ctunparison  of  system,  cost,  and  risk  relative 
to  mission  must  be  performed. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  CDRL  A0013,  Contract  Summary  Report  (Demonstration  Report),  26  March  1991 

Author(s):  Scott  Endo  and  Douglas  Will 

OBJECTIVE: 

This  demonstration  was  scheduled  to  allow  National  Park  Service  Forest  Rangers  to  assess  the  TOV 
surveillance  c^iability  in  (^serving  illegal  drug/explosives  manufacturing  and  smuggling  activities  during 
both  day  and  night  conditions.  Surveillaitce  tests  were  conducted  while  detecting  and  observing  movements 
of  various  suspect  vehicles  at  different  ranges. 

APPROACH: 

Provided  a  descrqttion  of  the  demonstration,  attendee  observations/reactions,  and  problems/resolutioiis. 
LESSONS  LEARNED: 

Proper  battery  recharge  could  not  be  maintained  during  the  extended  deployment  of  the  TOV,  resulting  in 
the  batteries  being  seriously  degraded  by  excessive  discharge.  Since  die  project's  beginning,  the  generator 
set  (or  Genset)  has  not  been  reliable.  Die  AN/TAS-4  FLIR  remote  focus  function  does  ncH  operate 
properly.  Die  control  unit  made  by  KoUsmann  has  a  basic  problem  that  has  never  been  corrected  by  the 
manufacturer.  The  communications  drawer  in  the  operatm’s  control  rack  still  has  a  feedback  problem  with 
the  intercmn/field  phone  which  essentially  renders  radio  operation  of  the  cmtire  voice  cmnmunicatitms 
system  useless.  Modifications  to  solve  this  problmn  wiU  probably  require  less  than  45  man  hours  of  !abm. 
The  video  overlay  readouts  on  the  operator  control  station  CRTs  became  intermittent  and  then  failed 
altogether.  Rather  than  a  complete  failure  of  the  overlay  board,  we  suspect  it  may  only  be  a  {Hobiem  with 
the  control  of  the  character  generator.  The  cable  rewinding  equipment  is  showing  signs  of  wear. 
Replacement  of  the  teflon  pads  along  the  winding  path  are  urgently  needed.  The  winding  mechanism 
requires  extensive  cleaning  as  a  result  of  the  blowing  sand  and  mod  during  field  operation.  The  mobility 
head  requires  TOV's  engine  RPM  to  be  elevated  for  proper  operation.  This  eliminates  overshoot  in  both  the 
pan  and  Ult  mode.  Diis  problem  of  overshoot,  previously  thought  to  be  a  calibratitm  fault  with  the 
PoUmmus,  may  in  fact  be  doe  to  not  enough  hydraulic  pressure.  The  Navigator  unit  (Magnavox)  was  not 
used  for  this  or  any  other  demo  as  it  has  lost  its  ability  to  acquire  a  satdlite. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Teleoperated  Vebicle  (TOV)  After  Action  Report,  23  April  1991 

AutlicH<s):  A.  N.  Pratt 

OBJECTIVE: 

To  present  die  results  of  testing  performed  at  Twenty*Nine  Palms  and  Salton  Sea,  Califcmua. 
APPROACH: 

Discussioi  on  beneficial  changes  needed  in  future  models  of  the  TOV. 

LESSONS  LEARNED: 

BLT  1/9  enjoyed  the  qiponunity  to  work  with  the  Teleoperated  Vehicle  (TOV)  during  CAX  4-91  at 
MCAGCC  Twenty  Nine  Palms,  CA  and  at  our  1/9  Special  (Operations  Ctqiable  package  at  Salton  Sea 
Naval  Weaprms  Testing  Center,  CA.  During  both  exercises,  the  battalion  utilized  the  TOV  as  it  would 
under  actual  conditions.  We  were  pleased  with  the  vehicle's  performance.  The  TOV  held  up  and  operated 
well  on  rough  terrain  and  during  sandstorms.  Recommend  the  following  changes  to  the  TOV:  1 )  zocun  oa 
camera  greater  than  10:1  to  increase  stand-off  range;  2)  SIMRAD  in  addition  to  the  FLIR  for  increased  night 
vision  capability;  3)  have  a  directional  audio  antenna  slaved  into  camera;  4)  diange  the  navigation  system  to 
a  GPS  based  system  that  would  allow  the  user  access  to  the  navigator's  screen  in  addition  to  the  position 
screens;  S)  a  smaller  laser  range  finder  (such  as  the  AN/GVS-5)  slaved  to  the  camera  which  is  more  eye  safe 
and  has  a  smaller  profile.  We  still  need  a  MULE  for  designating  air  targets;  6)  radar  beacon  (RABFAO  and 
radar  reflector  for  close  air  support;  and  7)  a  radio  with  a  large  high  gain  anteima  mount  so  vehicle  can  be 
used  as  a  retransmission  site. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Twenty-Nine  Palms  and  Salton  Sea,  California,  3  May  1991 

Autbm(s):  Ray  Zenidc  and  Del  Haddodc 

OBJECTIVE: 

To  present  the  results  of  testing  performed  at  Twenty-Nine  Palms  and  Salton  Sea,  California. 
APPROACH: 

This  field  report  will  cover  two  separate  joint  operations  of  the  TOV  and  BLT  1-9  Marines.  The  first 
operation  was  an  invitation  to  participate  with  the  1-9  during  their  pre  CAX  and  CAX  during  January  1991. 
The  second  was  a  series  of  live  fire  assaults  on  a  now  defima  government  facility  on  the  edge  of  the  Salton 
Sea  in  south  east  California.  This  second  operadoD  or  series  of  operaticms,  was  either  land  based  assaults  or 
assaults  by  boat  on  land  based  targ^. 

LESSONS  LEARNED: 

Nelles  Giiot  goniometers,  which  serve  as  adjustable  camera  mount  interface,  did  not  bold  in  both  Pan  and 
Roll,  although  locked  securely.  It  was  noted  that  the  locking  screws  were  still  very  tight  However,  the 
assembly  bad  slipped  during  the  very  rough  road  driving  to  the  starting  point  of  the  CAX.  The  Mobility 
cameras  were  realigned  in  the  field  using  a  newly  develt^ied  stereogrqrhic  aligned  technique  in  less  than  ten 
minutes.  A  very  important  message  obtained  fitom  this  CAX  experience  is  that  future  robotic  vehicles 
must  be  smaller  in  order  that  they  may  be  airlifted  to  the  next  forward  position.  Video  quality  was 
intermittent  and  at  times  was  very  frustrating  to  several  missions  or  portitms  thereof.  The  TOV  system 
itself  had  nothing  to  do  with  the  sometimes  poor  performance  of  the  FUR.  These  problems  have  plagued 
our  FLIR  units  during  the  TOV  inogram.  Usually  most  video  quality  is  a  functitm  of  the  scan  converter, 
however  this  time  it  appeared  to  be  the  fault  of  the  cryogenic  cooin.  For  the  distance  between  the 
operations  and  TOV,  200  to  400  nun  optics  is  more  realistic.  160  mm  optics  allows  detail  at  1  km  for 
some  vehicles  in  certain  situations.  It  became  clear  during  the  CAX  and  ax  Saltern  Sea  under  typical 
missions  that  no  detail  of  company  level  operatiems  could  be  extracted  other  than  their  general  movement 
and  direction.  It  is  obvious  that  TOV  is  not  a  workable  piece  of  operatitmal  hardware.  It  embodies  a 
concept  and  it  should  be  used  as  an  educational  tool  until  STV  is  available. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Input  to  Review  Team,  30  May  1991 

AutiKH(s);  Walt  Aviles 

OBJECTIVE: 

To  provide  comments  on  the  STV  review. 

APPROACH: 

Discussion  of  nuyor  ccmcems. 

LESSONS  LEARNED: 

There  is  concern  diat  detailed  center  of  gravity  and  center  of  buoyancy  calculations  for  remote  vehicle 
systems  have  not  been  done.  There  is  also  concern  about  using  the  plastic  cotmectors.  According  to  Alan 
Umeda,  these  connectors  were  teal  problems  in  the  early  TOV  EG&G  systems.  Alan  has  info  on  cheaper 
MIL-Style  connecttHS  which  wotic  very  well.  Need  to  determine  if  we  want  Auto  Gain  Control  (AGC)  on 
the  fiber  optic  receivers.  If  we  do  not  have  AGC.  we  need  to  have  a  series  of  optical  attenuators  to  allow 
shorter  cable  lengths  to  be  used  and  will  also  need  a  couple  of  qrtical  power  meters  as  part  of  the  Standard 
STV  toolkit  We  ended  op  installing  an  optical  power  meter  in  both  the  Control  Station  and  Remote 
Vehicle  in  the  earlier  TOV  days  when  we  did  not  have  AGC.  Otherwise  you  will  spend  a  lot  of  time 
making  sure  you  are  within  the  power  range  of  the  receiver.  Switches  on-board  the  remote  vehicle  really 
need  to  be  le-vamped.  The  current  switch  configuration  and  types  do  not  pay  sufficient  attention  to  safety 
and  ergonomics.  Switches  controlling  critical  fimctions  should  be  differentiated  (color,  shape,  type)  fiom 
switches  controlling  non-critical  functions.  Need  to  make  sure  that  the  human  cannot  be  hurt  when 
switching  the  remote  vehicle  system  from  "local"  to  "remote".  Options  are  installing  a  separate  timing 
circuit  which  guarantees  a  certain  amount  of  time  or  putting  the  final  master  arming  switch  on  the  outside 
of  the  vehicle  (still  need  a  little  time-out  circuit  though).  There  is  concern  about  the  mast  system.  First  of 
all,  RST  was  unable  to  give  any  overall  stability  and  rigidity  numbers  (both  static  and  in  wind).  The 
numbers  should  be  for  both  the  mast  and  the  system  as  a  whole  when  mounted  tm  the  platform.  NOSC 
went  through  a  very  detailed  design  and  analysis  to  get  the  rigidity  and  stability  that  we  did.  The  pan  action 
acceietatioa  numbers  (ISO  degrees  per  second  per  second)  are  too  low.  This  would  probably  pteclude  HMD 
use.  Current  driving  camera  position  is  real  bad  fin  HMD  use.  Tilt  axis  of  rotation  is  too  low. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Report  -  21-24  May  91, 5  June  1991 

Autbor(s):  A.  Y.  Umeda 

OBJECTIVE; 

Tbis  memorandum  summarizes  A.  Y.  Umeda’s  trip  to  Robotic  Systems  Technology  (RST).  The  objective 
was  to  participate  in  the  technical  review  of  RSTs  Surrogate  Teleoperated  Vehicle  designs. 

APPROACH: 

Discussion  of  questions  addressed  to  RST  and  the  conesponding  answers  rece  '.ved. 

LESSONS  LEARNED: 

The  following  issues  are  primary  areas  of  concern:  1)  lade  of  an  emergency  abent  philosophy,  2)  lack  of  a 
design  concept  for  the  OCU,  and  3)  optimistic  delivery  schedule  with  minimal  testing  prior  to  delivery. 
The  STY  has  the  following  features:  Dimensions  •  108"(L)  x  S0''(W)  x  52''(H)  (height  is  to  the  top  of  the 
mast);  Drive  Controls  •  steering  wheel  (instead  of  handlebar),  brake  throttle  (foot  operated);  Gross  weight  of 
system  -  nearly  2000  lbs;  Speed  -  0-20  mph  (low),  0-38  mph  (high)  on  level  ground;  Mast  - 18"-108"  from 
vehicle  mount,  34"  off  ground,  220  lbs;  Turret  -  3r(W)  x  36"(H).  The  brake  has  a  position  control  loop 
with  pressure  feedback  to  improve  operator  control. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Report  -  STV  Design  Review  5/23/91,  7  June  1991 

AuUkhtCs);  Stephen  Martin 

OBJECTIVE; 

To  i^esent  the  results  of  the  STV  design  review  held  tm  23  May  1991. 

APPROACH: 

Discussion  on  areas  of  concern  found  during  the  review. 

LESSONS  LEARNED: 

There  is  concern  about  details  of  the  video  and  stereoaudio  analog  modulation  filtering.  Details  of  these 
filters  were  unknown  to  RST.  The  concern  is  that  the  video  is  low-pass  filtered  at  S.S  MHz  and  the  audio 
is  high^rass  filtered  at  6.0  MHz  (modulated  at  a  center  fiequency  of  6.8  MHz).  This  is  a  very  limited  guard 
band  and  may  result  in  the  conipting  of  audio  quality  by  video,  ^om  TOV  experience  it  is  not  a  good  idea 
to  require  field  insertion  of  attenuators  to  keep  Uk  optical  signal  within  the  receiver’s  dynamic  range  for 
various  length  F.O.  cables.  A  robust  and  proper  design  and  setup  ^ould  make  field  attenuators  unnecesary. 
The  OCU  to  vehicle  voicp  rommunication  chaime!  should  have  a  low-pass  filter  (Anti-alias)  prior  to 
analog-to-digital  conversion  at  the  OCTJ.  For  human  factors  reasons,  the  master  ’’local/remote/ofT  switch 
should  be  different  from  the  othos.  Possible  a  switch  panel  cover  to  prevent  operators  frmn  inadvertently 
activating  an  inqiroper  function  while  direct  driving.  Overall  System  Safety/Hazard  Analysis  should  be 
treated  as  a  separate  review.  It  is  not  formally  addressed  as  a  topic  in  this  review,  but  it  had  been  discussed 
at  various  times.  At  2400  Baud  command  link  the  turret  update  lag  qrpears  to  be  around  100  ms.  This 
ntay  pose  a  real  problem  for  turret  slewing  during  high  speed  driving,  especially  if  head  coupled  vision  is 
used.  There  is  concern  over  the  use  of  the  commercial  black  plastic  connector,  especially  in  terms  of  water¬ 
tight  integrity.  Numbers  of  connectevs  also  appears  excessive  which  may  cause  access  problems  as  well  as 
potential  decrease  in  reliability.  Very  little  detail  was  provided  (other  than  a  drawing)  concerning  the  camera 
alignment  design,  but  it  is  suggested  that  they  only  need  to  align  4  DOF  for  a  stoeo  pair  (pitch  one,  roll 
one,  and  rmate  both).  Integrity  of  their  alignments  wj.t.  shock  and  vibration  is  uncertain.  This  is  a 
serious  safety  consideration  for  the  laser  designate  as  tteir  design  does  not  have  a  camera  viewing  that 
scene  except  via  a  boresight  aligned  sensor. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tifle:  STV  RST  Rrogram  Review,  23  May  1991, 10  June  1991 

Authors):  M.  Solorzano 

OBJECTIVE: 

To  address  points  of  interest  at  tbe  review. 

APPROACH: 

Discussed  tbe  scissors  lift  design,  vehicle  stability,  target  tracking,  and  tbe  fiber  optic  link. 

LESSONS  LEARNED: 

The  (iilly  elevated  lift  will  inesent  a  significant  wind  load  generating  many  tens  of  pounds  of  side  loading. 
With  a  9  foot  torque  arm  tm  the  vehicle,  what  will  this  do  to  image  and  targeting  abilities?  The  center  of 
gravity  of  the  vehicle,  both  in  lateral  position  as  the  mast  elevates,  and  in  the  sagitai  plane,  vary 
significantly.  As  tbe  vehicle  attitude  varies,  tbe  vehicle  stability  will  vary  radically  even  before  a  tip  over 
condition  is  achieved.  This  needs  further  study.  The  motion  ccmtrol  schema  does  not  appear  entirely 
thought  out.  The  type  of  motion  control  (rate  vs  position),  and  differing  control  ranges  needed  fcv  precise 
distant  target  tracking  versus  rqnd  teleoperator  tracking  has  not  been  addressed.  The  reliability  and  ivedsion 
of  the  motion  drive  packages  for  tbe  RSTA  structure  is  ik)  longer  in  question.  These  people  did  know  the 
limits  of  what  they  are  using.  However,  being  unaware  of  high  speed  and  high  acceleration  requirements  of 
close  range  targeting  or  teleoperator  head  motions,  they  adopted  a  very  low  performance  torque  and 
acceleration  capability.  At  tbe  close  of  the  day,  Kevin  Btmner  came  to  realize  that  if  be  attempted  to 
approach  the  minimal  accelerations  needed  by  high  speed  teleopeiation,  be  would  likely  see  motor  failures. 
Tbe  most  common  shortcoming  of  tbe  TOV  vehicle  was  tbe  repeated  failures  for  various  reascms,  of  tbe 
fiber-optic  link.  Primary  among  these  was  tbe  integrity  of  the  actual  f-o  connection.  While  the  radio 
frequency  contnd  link  seems  to  be  designed  to  be  the  primary  scheme,  the  f-o  must  be  reliable  to  be  usable. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE; 

Title:  Tactical  Unmanned  Ground  Vehicle  <TUG V)  Trade-Off  Analysis  (TOA),  October  1 99 1 

Autbor(s):  Albert  J.  Nahas 

OBJECTIVE; 

To  provide  a  Trade-Off  Analysis  (TOA)  for  the  Tactical  Unmanned  Ground  Vehicte  (TUGV)  to  be  used  tn 
the  ^velopment  of  a  Opoational  Requirements  Document  (ORD)  for  the  TUGV,  which  will  be  a  joint 
ORD  with  the  U.S.  Marine  Corps. 

APPROACH: 

Description  and  justificaticm  for  TUGV.  Discussion  concerning  TUGV  roissir  is.  TUGV  influencing 
factors,  analysis  of  system  trade-offs,  and  TUGV  preferred  capabilities 

LESSONS  LEARNED: 

TUGV  system  should  be  low  cost  and  use  off-the-shelf,  reliable  technology.  The  most  important 
operational  c^bility  to  su];^xnrt  RISTA  roles  is  mobility  (operational  range  of  10  km).  Low  cost  electro¬ 
optics.  included  a  color  television  camera,  are  preferred.  It  is  assumed  that  tte  TUGV  will  be  able  to  survey 
threats  at  close  range.  A  mast  with  a  deployed  height  of  2  meters  above  the  vehicle  top  and  a  deploying 
time  of  1  minute  is  preferred.  Capable  of  conducdng  NBC  monitoring  and  reporting. 

APPL!CABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Interim  BTA  Input,  15  November  1991 

AutlKH<s):  B.  C.  Caskey 

OBJECTIVE: 

To  present  San<Ba's  recommendatioDS  for  tfae  Interim  BTA  based  on  tbeir  experiences  working  witb  bodi  tbe 
tedmologies  and  tbe  users. 

APPROACH: 

Discussed  of  recommendations  concerning  TUGV  overall  system  cost,  MBU  cost,  OCU  cost, 
communication  systems,  mission  modules,  and  system  integradoo. 

LESSONS  LEARNED: 

TUGV  chassis  should  be  small,  light,  and  preferably  cost  less  than  $10K.  MBU  electronics  (including 
packaging  and  cabling)  should  be  about  $10K.  Onboard  TUGV  navigation  equipment  should  be 
approximately  $5K.  For  the  driving  camera,  recommend  a  single  colm^  CCD  camera  with  a  fixed  40-45 
degree  field-of-view  lens  (if  this  camera  is  to  be  used  for  RSTA,  attach  a  zoom  lens)  mounted  on  a  pan/tili 
mechanism  costing  around  $10K.  The  mast  is  considered  as  part  of  the  mission  module.  Meeting  tbe  low 
cost  goal  requires  that  we  do  not  try  to  build  another  Ml  tank  or  HMMWV,  but  build  a  simple,  expend^le 
MBU  that  does  not  meet  all  mil-specs,  is  composed  of  largely  NDI  parts,  and  whose  mission  success 
probability  is  not  100%.  Some  key  MBU  cost  drivers  are  speed,  terrain,  and  payload  requirements. 
Recommend  using  tbe  smallest,  lightest,  least  payload  that  will  perform  most  (but  not  all)  proposed 
m  ion  profiles.  Requiring  an  extra  2S0  lb  capacity  for  a  human  may  impose  a  cost  penalty  that  can  not 
be  afforded.  Fiber-optic  systems  have  a  high  fuobability  of  being  severed  and  are  too  ocKtly  (Sl,S0/ineter) 
fm  an  expendable  system.  Solutions  to  the  communication  system  problem  may  involve  an  aerial  asset 
(UAV  or  balloon),  TUGV  netwtnking.  and/or  ctunpression  technology.  Cost  of  cm-bovd  cotnmunicatkm 
equipment  must  be  below  SISK.  Handlebar  controls  are  preferred  when  tbe  operatm-  is  sitting,  standing,  or 
lying  down.  Stereo  vision  mhances  identifying  obstacles  (particulariy  dropoffs).  Adding  weaptms  toroes 
one  to  design  considerable  fail-safe  features  and  to  {uovide  for  tte  additional  shock,  vibration,  and  blast 
effects.  Self-protection  weapons  are  at  odds  with  tbe  notion  of  expendt^ty. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  Best  Technical  Atqvoach,  Interim  Study,  Unmanned  Ground  Vehicle.  December  1991 

Author(s):  United  States  Army  Missile  Gmunaxid,  Research,  Development.  &  Engineering  Cema 

OBJECTIVE: 

To  provide  the  current  status  on  the  activitks  involved  in  support  of  the  Unmanned  Ground  Vehicle  (UGV) 
system  design. 

APPROACH: 

Provide  a  summary  of  the  preceding  documents  of  the  Ctmoepi  Formulation  Process  (CFP)  with  nspta  to 
their  applicability  to  each  subsystem  of  the  UGV.  Discussion  of  progress  made  in  evaluating  each 
subsystem  including  issues,  problems,  reccmunendaiioos,  and  supporting  rational.  A  system  integration 
outline  is  provided  to  establish  guidelines  for  the  final  system  design  along  with  a  baseline  software  system 
designed  for  fiioire  system  growth. 

LESSONS  LEARNED: 

System  integration  is  a  major  task  in  the  UGV  design.  The  fmal  Best  Technical  Approach  (BTA)  should 
include  detailed  cost  examinations,  system  integration  consideratioos,  survivability/operational 
maniaint.  training  inputs,  personnel  requirements,  risk  assessments  (per  component),  and  formuiatioa  of 
final  briefings. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Report.  RISC  Conference  &  COEE,  10  March  1992 

Author(s):  Leon  Joly 

OBJECTIVE: 

To  attend  RISC  *92  Conference  and  to  support  the  C(»cept  of  Employment  Evaluatioo. 

APPROACH: 

Supported  the  Concept  of  Employment  Evaluaiitm  by  performing  the  following  activities:  1)  observed 
indoctrination  and  bands^n  familiarization  training  of  the  operators  of  the  STV  system,  2)  assisted  with 
the  set-up  and  tear-down  of  the  OCU,  monitor,  antennas,  and  cabling  for  the  operator  training,  3)  assisted 
with  the  unloading  of  eight  STVs,  Fiber  Opdc  Retrieval  system,  crane,  and  miscellaneous  support 
equqmtent.  4)  assisted  RST  with  the  final  preparatkms  on  delivered  STVs  and  maintenance  of  STVs  already 
undergtnng  evaluation,  5)  assisted  NOSC  with  the  tear-down  and  set-up  of  fiber  optic  cable  on  spools  and 
with  the  removal  and  installmion  of  fiber  boxes.  6)  followed  the  Unmanned  Ground  Vehicle  around  the 
course  in  an  attempt  to  avoid  property  damage  to  the  STV  or  it's  surroundings,  dnd  7)  assisted  with 
maintenance  of  the  course  used  for  training  in  the  vidnity  of  Bldg  308. 

LESSONS  LEARNED: 

STV  has  a  relatively  high  center  of  gravity  for  it's  narrow  wheelbase  and  lists  slightly  to  cme  side.  The  lack 
of  peripheral  vision  was  a  major  contributor  in  the  operators  becoming  disoriented,  cutting  ctnners  too 
sharply,  running  into  things  with  the  side  of  the  vehicle,  getting  caught  in  places  they  had  no  busmess,  and 
turning  over  tte  STVs.  UGVs  will  probably  have  a  requirement  to  communicate  through  one  another. 
There  will  probably  be  a  requirement  for  communications  witb  tbe  Tactical  Opetadcms  Center  which  could 
involve  tbe  MBU.  This  isn't  being  considered.  Either  tbe  Infantry  School's  ^rpetite  for  a  S500K  to  SIM 
system  needs  to  be  brought  in  line  witb  their  $50K  to  $1S0K  budget  or  their  budget  needs  to  be  increased  to 
match  their  appetite.  Otherwise,  tbe  programmatic  risk  associated  with  undenaking  tbe  EMD  Program  is 
unacceptably  "high".  The  "user"  needs  to  be  discouraged  from  requiring  things  like  the  IS  lb  OCU  and  a 
Dick  Tracy  TV  wrist  wmch/radio  during  the  24-36  month  EMD  Program.  The  15  Ib  OCU  sets  a  dangercms 
precedent  by  implying  that  the  UGV  system  can  be  carried  by  two  soldiers. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Tide:  Trip  Report  Tactical  Unmanned  Ground  Vehicle  •  CALEB  Concept  of  Employment 

Evaluation  Exercise,  24  March  1992 

Autboifs):  Powell  Johnson 

OBJECTIVE; 

To  provide  information  ccmcerning  the  Tactical  Unmanned  Ground  Vehicle  (TUGV)  -  Caleb  c<»i<^pt  of 
enq)loyment  evaluation  exercise  (COEE)  held  at  Fort  Hunter  Liggett,  CA  frran  24  •  14  Mar  92. 

APPROACH: 

Conducted  practical  exercises  based  on  tactics  and  techniques  from  approved  employment  manuals  and  made 
modifications  to  these  manuals  to  write  the  instructions  thm  a  soldier  would  receive,  including  a  new 
standing  operating  procedure  (SOP)  that  delineated  each  step  a  soldier  or  marine  must  make  to  use  a  UGV. 
In  addition,  daily  discussion  sessions  were  held  between  the  participants  and  observers  to  review  some  of  the 
positive  and  negative  aspects  discovered  when  using  the  STV  in  a  realistic  environment.  These  sessions 
were  further  characterized  by  tedmical  discussion  on  bow  to  make  improvements  in  future  unmanned 
systems. 

LESSONS  LEARNED: 

The  COEE  successfuUy  met  each  of  the  four  m^or  goals  shown  at  TAB  A,  using  a  surrogate  teleoperated 
vehicle  (STV).  The  exercise  afforded  each  of  the  participating  schools  and  services  with  a  realistic 
environment  for  experimenting  with  an  STV  and  confirmed  the  need  for  continued  evolution  of 
teleoperation  concepts  to  remove  the  soldier  from  very  hazardous  or  high  risk  battlefield  environments. 
Technical  problems  pertaining  to  the  STVs  and  recorded  by  the  CSTA  data  colieaors,  were  comprised  of 
ai^ximately  ISO  technical  incident  reports  (TIRs)  describing  equipment  failures  such  as:  difficulty  in 
shifting  gears  during  teleoperaticm,  overheating  of  the  MBU  during  certain  maneuvers,  braking  software 
malfunctions  causing  the  brakes  to  overheat,  and  repeated  control  responsiveness  problems.  TIRs  for  the 
(XJU  included  failures  such  as;  battery  power  loss,  lack  of  icon  displays  tm  the  control  panel  to  cue  the 
t^wrator,  and  lack  of  vehicle  operational  data  being  displayed.  The  three  primary  areas  of  inqxirtance  to 
participants  in  the  COEE  were  driving,  sensm’,  and  OCU  requiremenu  which  are  shown  at  TAB  D. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Unmanned  Ground  Vehicle  Best  Technical  Approach.  Progress  Review  Meeung 

Summary,  25  March  1992 

Author(s):  Dr.  James  Baumann  and  Larry  W.  Brantley 

OBJECTIVE: 

To  provide  a  summary  of  information,  issues,  and  recommend^cms  discussed  at  tte  Best  Technical 
Approach  (BTA)  meeting. 

APPROACH: 

Provide  a  bound  report  including  a  summary  sheet  and  viewgraph  materials  discussed  during  the  meeting. 
LESSONS  LEARNED: 

Key  issues  are:  uncertainty  of  the  system  requirements,  defmition  of  RISTA  mission  profiles,  manned  vs 
unmanned  operation,  use  of  MIL  STD  components,  and  the  degree  of  militarization. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT;  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Umnaiuied  Ground  Vehicle,  Workshop  VI,  7-9  April  1992 

Author(s):  DARPA 

OBJECTIVE: 

To  present  the  systems  integration  approach,  review  the  related  technology  R&D  programs,  review  the 
results  of  the  i^eliminary  sensor  selection  tradeoff  matrices,  discuss  the  MMC  RSTA  development 
approach,  and  evaluate  the  potential  use  of  data  compression  for  remote  control. 

APPROACH: 

Discussion  of:  the  program  overview  for  the  Surrogate  Semiautonomous  Vehicle  (SSV)  integration 
program:  the  SSV  Demo  Defmition;  SSV  operational  vs  developmental  needs;  system  analyses,  trades, 
designs,  issues;  SSV  system  baseline;  SSV  RISTA  definition;  UGV  stereo  at  SRI;  tlM  University  of 
Michigan;  Carnegie  Mellon  University;  integrated  perception  and  planning  system;  tactical  planning  for 
control  of  unmanned  ground  vehicles;  Harry  Diamtmd  Laboratories;  automatic  target  recognition  at 
NVEOD;  model-based  target  recognition  techniques;  model  based  ATR:  algonthms  based  on  reduced  target 
models,  learning  and  probing;  CECOM  packet  radio;  automatic  target  recognidon  research  at  Wright  Labs 
with  respect  to  un-marmed  ground  vehicle  RSTA  technology  requirements. 

LESSONS  LEARNED: 

Demonstrations  of  UGV  system  technologies  will  be  as  follows: 

Demo  A.  Denver,  May  1993  -  Basic  System  Capabilities 

Demo  B,  Huntsville,  May  1994  -  Rob^  Autonomous  Capabilities 

Demo  C,  Huntsville,  November  1994  •  Multivehicle  Cooperative  Control 

Demo  n.  Ft  Hood,  May  1995  -  Movement  to  Ccmtact,  Screening  and  Delaying 

Extended  Technology  Demo  (Optional),  November  1995  -  UAV  Enhanced  Mission  Map 

Various  ctnnparison  tables  showing  possible  candidates  for  communication  links  (system  analyses,  trades, 

designs,  issues)  and  navigation  senscns  (system  analyses,  trades,  designs,  issues).  RISTA  on  the  move  is 

not  possible.  Prcqxrsed  RSTA,  target  designation  package  (SSV  RSTA  Defmition),  ATA  candidates,  and 

ATR  candidates. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Umnamied  Ground  Vehicle  Best  Technical  Approach,  Ingress  Review  Meeting 

Summary,  IS  April  1992 

Authoits):  Dr.  James  Baumann  and  Larry  W.  Brantley 

OBJECTIVE: 

To  provide  a  summary  of  information,  issues,  and  recommendations  discussed  at  the  Best  Technical 
Ai^roach  (BTA)  meeting. 

APPROACH: 

PtDvicte  a  bound  retort  including  a  summary  sheet  and  viewgr^pb  materials  discussed  during  the  meeting. 
LESSONS  LEARNED: 

BTA  Team  needs  to  complete  developers  perception  of  operational  concept  and  requirements  and  obtain 
feedback  from  the  combat  developer  prior  to  generating  the  final  UGV  configuraticm.  Team  members 
should  be  developing  a  candidate  configuration  for  their  area  (based  on  assumed  requirements)  altmg  with 
cost  and  risk. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Trip  Report,  TeleOpetated  Vehicle  Prc^ram  Briefings,  25  Ai»il  1992 

Autbor(s):  Leon  Joly 

OBJECTIVE: 

To  document  NCCOSC  technology  base  experience  relating  to  Unmanned  Ground  Vehicles  (UGVs)  in  meas 
of  vehicles,  driving  and  RISTA  sensors,  displays,  the  TOV,  and  the  STV. 

APPROACH: 

Attended  the  following  tours  and  meetings;  Manipulator  Performance  Lab  Tour,  TeleOperatioa 
Performance  (TOPS)  Lab  Tour,  Fast  Attadc  Vehicle  &  HMMWV/TOV  Area  Tour,  Ground  Air  Teleoperated 
Robotic  System  (GAIERS),  Tele(q)erated  Vehicle  (TOV)  Cmnmand  Link,  GATERS/TOV  Program,  TOV 
System  Development,  TOV  System  Requirements,  Head  Mounted  Display  Technology,  TOV/STV 
Driving/RISTA  Sensors/Masts/Servos,  Mono  vs.  StereoA/ehicle  vs  Gravity  Reference  Demo,  TOV/STV 
Operator  Control  Unit  Displays  and  Controls,  TOV/STV  Power,  STV  Overview,  STV  Turrei/Electronics, 
STV  Operatcns  Control  Unit,  STV  Fiber,  STV:  Recommended  Changes  for  Improvement,  and  Human 
Factors  for  Teleoperated  Vehicles. 

LESSONS  LEARNED: 

Vehicle  recommendation  is  a  function  of  on-ioad/fast/chase  retreating  armor  missitMis  (HMMWV)  vs.  off¬ 
road/complex  terrain  missicms  (ATV).  The  STV  is  an  ATV  candidate,  but  needs  re-engineering.  NCCOSC 
feels  that  there  needs  to  be  some  mechanism  for  performing  mission  planning,  cotndination,  and  command 
and  control  with  higher  echelons.  Driving  cameras  should  have  a  wide  field-of-view,  stereo,  coltn, 
peripheral  vision,  and  high  resolution  (in  that  order)  for  driving  in  off-road  complex  terrain.  The  cameras 
should  see  the  the  front  comers  of  the  vehicle  and  have  an  additional  gimbal  to  provide  gravity  reference. 
The  driving  cameras  should  be  separate  from  the  RISTA  cameras,  but  not  necessarily  cm  separate  mounts. 
Mast  height  should  be  at  most  twice  the  height  of  the  vehicle  and  acoustic  sensors  are  mandatory.  Color 
cameras  are  preferred,  but  not  necessary  for  RISTA.  RISTA  on-the-move  should  not  be  attonpted  since 
stabilization  would  be  required  at  additional  cost  A  better  approach  is  to  perform  a  RISTA  mission,  then 
move  quickly  to  a  new  RISTA  location. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Tiip  Report,  Demo  I  Robotics  Demonstration,  14  May  1992 

Autbor(s);  Suzy  Young 

OBJECTIVE: 

To  participate  in  the  Demo  I  Robotics  Demonstration. 

APPROACH: 

Demonstration  of  the  capabilities  and  potential  of  robotics  technology  to  the  military  user  cmnmunity  and 
to  other  military  and  civilian  tactical  warfare  planners.  Through  live  hands-on  field  operations,  along  with 
briefings,  static  displays  and  video  presentations.  Demo  I  will  illustrate  technology  develofHnents  relevant 
to  umnanned  ground  vehicles  in  the  following  areas:  navigation,  control,  man-machine  interface,  effector 
(mission  packages),  communications,  and  robotic  vehicular  platforms. 

LESSONS  LEARNED: 

The  ATA  package  consisted  of  a  visible-light  CCD  camera,  infrared  sensor,  and  laser  rangefmder. 
Combined  with  this  system  was  the  MILES,  Multiple  Integrated  Laser  Engagement  System,  to  visibly 
determine  target  engagement.  Retro-traverse  was  performed  using  the  MAPS  (Modular  Azimuth 
Positioning  System)  inertial  navigation  unit.  Vehicle  #6  demonstrated  the  CARD  system  (which  allowed 
the  operator  to  plan  a  three  dimensional  path  fcr,  the  vehicle  to  traverse  in  an  autonomous  mode)  operating 
via  SINCGARS,  a  stereo  vision  technique  employing  electronically  shuttered  glasses,  and  an  automatic 
step  function  based  on  navigation  (VNAS)  error.  The  autonomy  utilized  an  image  understanding  algorithm 
to  detect  road  edges  and  compute  low  level  controls  to  operate  the  vehicle.  A  MTT  (Moving  Target 
Indicator)  processor  was  demonstrated.  This  sensor  was  a  Hitachi  daylight,  10:1  zoom,  color  camera 
mounted  on  a  350  degrees  azimuth,  60  degrees  per  second  rotating,  60  degrees,  (-t-/-),  elevation  pan/tUt 
platform.  DSTT  demonstrated  a  system  developed  for  UGV  JPO/MICOM  on  a  feedback  limited  amtrol 
system  (FELICS).  Transmitting  a  video  frame  rate  restricted  to  less  than  oae  frame  per  second,  local 
driving  is  augmented  with  supervisory  driving  controls  by  enabling  the  operator  to  plan  the  path  by 
navigating  waypoints  within  the  given  scene.  Low  data  rate  driving  was  demonstrated  by  using  the 
ftdlowmg  techniques:  pyramidal  decomposition,  foveation,  and  image  quality  versus  frame  rate  trade  offs. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Unmanned  Ground  Vehicle  Best  Technical  Approach,  Progress  Review  Meeting 

Summary,  19  May  1992 

Author(s):  Dr.  James  Baumaim  and  Lary  W.  Brantley 

OBJECTIVE: 

To  provide  a  summary  of  information,  issues,  and  recommendations  discussed  at  the  Best  Technical 
Approach  (BTA)  meeting. 

APPROACH: 

Provide  a  bound  report  including  a  summary  sheet  and  viewgiafA  materials  discussed  during  the  meeting. 
LESSONS  LEARNED: 

Detection  of  tracked,  rotary  wing,  and  fixed  wing  vehicles  is  possible  with  currently  available  signal 
processing  techniques,  but  identification  will  lequhe  expensive  advanced  signal  processing  techniques  and  is 
not  feasible  for  the  initial  UGV  systent  Chemical  detection  capabilities  will  not  be  a  problem  in  the  UGV 
design,  however,  providing  NB  ctqiabiiities  on  the  initial  UGV  system  may  be  a  cost  driver.  The  final  BTA 
report  will  be  broken  into  the  following  major  sectitms:  1)  Executive  Summary,  2)  Introduction,  3) 
Concept  and  Requirements,  4)  Mobile  Base  Unit  (MBU),  5)  Payload,  6)  Cmnmunications  Daialink,  7) 
Operator  Control  Unit  (OCU),  and  8)  System  Integration.  Current  recommendations  for  the  initial  UGV 
system  include  3-D,  color  video  imagery  for  driving;  2-D,  black  and  white  video  imagery  for  RISTA;  the 
use  of  Mil-STD  parts;  day/night  driving  (45-60  degree  FOV)  and  targeting  cameras;  a  rangefinder,  and  a 
chemical  detection  capability.  Preliminary  findings  indicate  that  the  datalink  will  be  RF  not  fiber  optics. 
The  identification  requirement  in  the  ORD  dated  IS  May  will  be  a  system  cost  driver  unless  this 
requirement  is  changed  to  a  detection  requirement.  Recommend  that  1)  the  distance  for  identification  be 
shortened  or  2)  accept  the  increase  in  cost  associated  with  die  sophisticated  equipment  necessary  to  meet  the 
current  requiremrat.  ANTAS  4,  Hughes  Heavy  and  Medium  Thermal  Wesqion  Sight,  and  the  French-made 
Sofidor  are  candidates  for  the  night  targeting  sensor.  Image  intensifiers  have  been  examined  and  it  has  been 
found  that  they  do  not  provide  sufficient  resolution,  field-of-view,  or  standard  video  imagery.  The  laser 
designator  capalality  should  be  made  modular  due  to  missioo  objectives  and  associated  costs. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Unmanned  Ground  Vehicle  Best  Technical  Attach,  Progress  Review  Meeting 

Summary,  10  June  1992 

Author(s):  Dr.  James  Baumaiui  and  Larry  W.  Brantley 

OBJECTIVE: 

To  provide  a  summary  of  inftmnation,  issues,  and  recommendations  discussed  at  the  Best  Technical 
Attach  (BTA)  meeting. 

APPROACH: 

Provide  a  bound  report  including  a  summary  sheet  and  viewgraph  materials  discussed  during  the  meeting. 
LESSONS  LEARNED: 

A  refined  description  of  the  BTA  process  was  presented  as  follows:  1)  conduct  a  literature  review  to 
establish  the  state-of-technology,  2)  develop  an  operational  requirement  summary,  3)  translate  operational 
requirements  into  system  requirements,  4)  decotrqxKe  system  requirements  into  subsystem  requirements,  5) 
identify  critical  subsystem  requirements,  6)  identify  alternative  subsystem  solutions,  7)  analyze  system 
integration/software  issues,  and  10)  teoonunend  the  best  technical  sqjproach.  Currently,  the  ORD  contains 
the  most  current  description  of  the  operational  capabilities  desired  by  the  user,  and  the.efore,  the  BTA  ream 
will  be  most  concerned  with  meeting  the  requirements  laid  down  in  the  ORD.  VNAS  navigation  unit  has 
been  eliminated  as  a  navigation  unit  candidate  due  to  high  cost  ($40K).  Typically  night  sensors  (i.e.  FLIR) 
can  detect  targets  more  easily  than  TV  sensors,  but  have  reduced  resolution  which  makes  target  recognition 
and  identification  more  difficult.  On  the  other  hand,  TV  sensors  can  recognize  and  identiify  targets  mote 
easily  than  night  sensors,  but  have  difficulty  detecting  targets.  The  teleoperator  wiU  perform  the 
identification  of  friend  or  foe.  Approximately  100  references  discuss  critical  aspects  of  the  UGV  design 
effort  and  will  effect  the  BTA  rectmunendations.  The  Hughes  Thennal  Weapon  Sight  is  recomnKnded  for 
the  night  sensor  on  the  initial  UGV.  Driving  and  RISTA  cameras  need  to  be  separate  fm  the  following 
reasons:  1)  syston  should  be  modular  (could  opome  vehicle  without  performing  a  RISTA  mission),  2) 
could  have  two  operauas  ~  (me  for  driving,  one  for  RISTA,  3)  allows  for  gravity  referencing  the  driving 
cameras  whi(di  you  do  not  want  to  do  for  the  RISTA  cameras,  and  4)  simplifies  maintenance  and  weight 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Definitions  of  Generic  Tenns 

AuUxb(s):  T.  B.  Sheridan 

OBJECTIVE: 

To  povide  definidais  for  terms  used  in  describing  robotic  systems. 

APPROACH: 

Present  a  list  of  terms  and  their  associated  definitions. 

LESSONS  LEARNED: 

The  term  supervisory  control  is  derived  from  the  close  analogy  between  the  supervism's  interaction  with 
subordinate  human  staff  members  in  a  human  wganization  and  a  person's  interaction  with  "intelligent" 
automated  subsystems.  In  the  strictest  sense,  the  term  supervisory  control  means  that  one  or  more  human 
operators  are  continually  programming  and  receiving  information  from  a  conqiuter  that  itself  closes  an 
autonomous  control  loop  through  artificial  efiecttns  and  sensors  to  the  task  environment.  In  a  less  strict 
sense,  supervisory  control  means  that  one  or  more  human  operators  are  continually  programming  and 
receiving  informahon  from  a  computer  diat  interconnects  through  artificial  effectors  and  senstns  to  the  task 
environment.  Telepresmioe  means  the  qierator  receives  sufilcient  information  about  the  teleoperator  and 
task  environment,  displayed  in  a  sufficiently  natural  way,  that  be  feels  himself  to  be  physically  present  at 
the  remote  site.  This  can  be  a  matter  of  degree.  Naturally  an  operator  upon  reflection  knows  where  he 
really  is.  Nevertheless  the  illusion  of  telepresence  can  be  compelling  provided  the  proper  technology  is 
used.  A  more  restrictive  definition  of  telepresence  requires  further  that  the  teiet^ieTator’s  dexterity  match  that 
of  the  bare-handed  human  operator.  In  spite  of  the  considerable  current  popularity  of  the  term,  the 
usefulness  of  imparting  telepresence  is  obscure  at  the  jnesent  time.  Virtual  presence,  or  synonymously  a 
virtual  environment  or  virtual  reality,  is  experienced  by  a  person  when  sensory  information  generated  only 
by  a  computer  compels  a  feeling  of  being  present  in  an  environment  other  than  the  one  be  is  actually  in. 
With  sufficiently  good  technology  a  person  would  not  be  able  to  discriminate  between  aaual  presence, 
telqnesence,  and  virtual  presence. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 


182 


REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Draft  Required  Operational  Capability  (ROC)  for  a  Unmanned  Ground  Vehicle  (UGV) 

System 

Author(s):  U.  S.  Army  Infantry  School 

OBJECTIVE: 

To  provide  a  descriptim  of  the  required  operaiiraial  capabilities  for  the  UGV. 

APPROACH: 

Presented  a  discussion  on  the  need,  threat  and  operational  deficiency,  operational  and  organizational 
concepts,  essential  characteristics,  inter/intraoperability  and  standardization  requirements,  related  efforts, 
technical  feasibility  and  energy/environmental  impacts,  life  cycle  cost  forecast/estimate,  manpower 
requirements,  training  requhements,  and  amphibious/soategic  lift  impact. 

LESSONS  LEARNED: 

Essential  characteristics:  1)  The  remote  platform  will  display  mobility  at  least  comparable  to  a  similarly 
loaded  HMMWV;  2)  In  order  to  provide  the  operator  with  die  sense  of  remote  presence,  the  onboard  UGV 
video  system  will  provide  a  stereoscopic  image  to  the  operator  at  the  control  station.  Camera  movement 
will  be  remotely  controlled  by  the  operator's  head  movements;  3)  The  acoustical  sensor  must  allow  ntumal 
human  sound  localization  csqiabilities  at  the  remote  site;  4)  Detect,  acquire,  and  identify  targets  with  a 
capability  comparable  to  that  provided  by  the  A/N-TAS  4B  (TOW  n  sight);  5)  Designate  a  target  using  a 
designator  such  as  the  modular  universal  laser  equipment  (MULE)  or  its  replacemoit.  The  designator  will 
not  be  an  integral  part  of  the  module  but  will  be  supplied  by  the  supporting  unit;  6)  From  the  control 
station;  safely  ann/operate  a  machine  gun  and  apply  immediate  action  to  reduce  stoiq)ages;  7)  Condua  UHF 
ground-to-air  communications;  8)  Employ  the  current  radar  beacon  forward  air  controller  (RABFAC)  from 
the  remote  platform  site.  The  radar  beacon  is  not  required  to  be  an  integral  part  of  the  module  but  will  be 
supplied  by  the  supported  unit;  9)  Provide  secure,  non-jammable  ctxmnunication  whoa  the  remote  platform 
is  beyond  the  line-of-sigfat  of  the  control  station;  and  10)  Determine  the  range  to  any  target  up  to  at  least  10 
km  distance  with  an  accuracy  to  *1- 10  meters. 

APPLICABLE  TO  CURRENT  UGV  DESIGN  EFFORT:  Yes 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  IntroductitH)  to  the  Marine  Corps  CATERS  Program  (Grmnid- Air  TeieR(^x>tic  Systems) 

Auttx)i(s):  Dqtaitment  of  the  Navy.  United  States  Marine  Corps  and  Naval  Ocean  Systems  Center 

OBJECTIVE: 

To  present  a  descripdoo  of  the  CATERS  (sogtam. 

APPROACH: 

Discussion  on  program  initiation,  program  management,  TOV/AROD  Acquisition,  related  activities, 
teleqierated  vehicle  system  technical  characteristics,  advanced  teleoperator  technology,  AROD  technical 
characteristics,  ttansiiiaD  ride  assessment,  and  m^or  program  hurdles. 

LESSONS  LEARNED: 

Robot  •  An  adaptive  system  having  sensors  and  actuators  for  mobility  and/or  manipulation  that  needs  no 
human  operator.  It  can  be  preprogrammed  to  acctxiqrlish  predefined  missions  or  in  more  advanced  systems 
is  c^ble  of  performing  task  after  making  limited  decisions  based  on  previous  experieiKxs  or  onboard 
"knowledge";  Teleoperator  •  A  system  having  sensors  and  actuators  for  mobility  aad/or  manipulation, 
controlled  by  a  human  (in  real  time),  thus  enabling  the  operator  to  extend  bis  sensory-motor  functions  u> 
remote  or  hazardous  environment.  In  teleoperadon  a  symbiotic  (mutually  beneficial)  relationship  exists 
between  man  and  the  machine.  Man  needs  the  machine’s  strength  and  resistance  to  lK>stile  environmoits 
and  the  machine  depends  on  man's  brain  and  dexterity;  Remote  Presence  -  The  technique  of  mtegrating  the 
q)etator  of  a  teleoperator  syston  into  the  display/controUer  so  that  the  man-machine  interface  aj^noadies 
transi»rency  and  provides  a  realistic  sensation  of  being  at  the  remote  site;  Remote  Control  -  A  general, 
descriptive  term  referring  to  a  dosed,  man-in-tte-loop  control  system  which  does  not  requife  direct  feedback 
from  the  remotely  deployed  unit  Typcally  used  in  reference  to  models  where  loop  dosure  is  aoconqrlisbed 
by  visual  observatkm/oorrelation.  Teleoperated  Vehicie  System  Technical  Characteristics:  2500  lbs  (1135 
kg)  gross  weight,  1000  lbs  (455  kg)  payload,  internal  fit  in  CH46,  MV22  "OSPREY”.  80  km^  on  road, 
35  kmAtr  off  toad,  24  hr  endurance,  20  km  radius,  4  hr  duty/half  hour  recharge,  daylight,  binaural  bearing, 
navigmioo  in  military  grid  coordinates,  fiber  optic  command  contrd  data  link  (primary),  RF  (backiq)),  -30” 
to  465°  C,  rain,  snow,  salt  QRay,  ke  snow,  mud,  sand,  all  soil  types. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title:  Sandia  National  LabcRaioiies  Robotic  Vehicle  Ccann^leia 

Autboi(s):  Sandia  National  Laboraicries 

OBJECTIVE: 

Sandia's  OCUs  tange  in  size  from  a  small  single-man-poit^le  controller  to  a  controller  consisting  of  three 
19  inch  equipment  tacks.  Four  of  these  controllers  are  summarized  here. 

APPROACH: 

Discussion  of  the  Remote  Security  Staiirm  (RSS)  Controller,  DOE/OSS  Robotic  Security  Vehicle  OCU, 
Dixie  Desk  and  Micro  Controller. 

LESSONS  LEARNED: 

The  RSS  system  has  an  Acoustic  Detection  Tracking  and  Classification  System  (ADTACS)  which  uses 
signals  from  three  equally  spaced  micn^hones  to  detect  acoustic  sources,  detennine  their  bearing,  and 
classify  the  source.  The  RSS  also  has  a  Video  Motion  Detection  (VMD)  system  which  processes  video 
signals  received  from  the  Telemanaged  Mobile  Security  Station  or  Man-Pntable  Security  Station  and 
produces  an  alarm  ouqtut  in  respemse  to  a  target  moving  against  a  fixed  background.  Although  a  joy»idt 
driving  interface  {sovides  adequate  control  of  the  vehicle,  experience  with  other  driving  stations  has  shown  a 
steering  wheel  and  pedals  to  be  easier  to  use.  It  is  our  qrinion  that  greater  driving  speeds  can  be  achieved 
and  less  operator  fatigue  occurs  with  that  type  of  system.  After  two  years  of  using  the  Desk  Ctmtroller, 
many  people  have  controlled  Dixie  in  sundry  ctmditicms.  In  goteral,  the  response  and  perfrumanoe  of  these 
drivers  indicates  that  the  rntgor  objective  of  providing  an  easily  mastered  OCU  has  beat  realized.  Ihe  major 
goal  of  the  Micro  ControUer  (MC)  was  to  reduce  the  size  of  the  Desk  Controller  (DC)  witlamt  sacrificing 
the  simple  interface  or  losing  curability.  This  goal  has  also  been  realized.  This  (XHJ  is  1/6  die  size  of  the 
Desk  Controller  and  only  1/2  the  weight  The  capabilities  are  identical  to  the  DC.  Oiw  area  of 
C(»npromise  however  is  the  joystick.  The  MC  is  so  small  that  pedals  can  not  be  used.  Ccmsequently, 
additional  training  time  is  required  for  operators  to  acquire  fine  control  of  the  sieering/brake/tfarottle 
joystick.  Seme  input  devices  are  necessary  for  rapid  activatimi  and  they  should  be  inqrlemented  with 
dedicated  switches  or  buttons,  but  others  that  are  less  frequendy  used  can  be  imploDoented  by  the  use  of 
inpm  devices  whose  function  changes  under  8(^tware  control,  such  as  a  touchscreen  or  a  k^pad. 
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REFERENCE  PAPER  SUMMARY 


REFERENCE: 

Title;  System  Specification  for  tbe  Teleoperaied  Vehicle  (TOV) 

Authors):  SEACO/SAIC 

OBJECTIVE; 

This  dociunem  provides  the  draft  speciftcations  for  the  Teleoperaied  Vehicle  (TOV)  prototype  system.  It 
includes  tbe  technical  and  missitKi  requirements  for  functional  areas,  design  constraints,  and  interfuxs  areas. 
This  specification  will  be  used  to  establish  the  general  nature  of  the  system  that  u  to  be  furdter  defined  and 
finalized  during  the  Demonstration  and  Validation  phase  of  this  program.  sdiHuled  to  commence  in  FY'90. 

APPROACH: 

Discussion  of  ^licable  documoits,  system  tequiremeots,  quality  assurance  provisions,  and  intended  use. 
LESSONS  LEARNED: 

Tbe  TOV  system  is  composed  of:  three  remote  vehicles,  various  misskm  modules,  a  10  kw  trailer-mounted 
generator  set,  a  ctmorol  van  containing  three  operator  ctmtrol  stations  and  a  section  leader  station.  Fiber¬ 
optic  cable  is  utilized  as  the  data  link  between  the  control  van  and  tbe  remote  vehicles.  The  cable  must 
&eely  pay  out  fimn  tbe  moving  TOV  at  a  rate  of  100  km  per  hour  without  causing  entanglement  with  or 
restricting  tbe  maneuverability  of  the  vdiicle  in  any  way.  Replacement  of  fiber-optic  cable  spools  must  be 
easily  accomplished  within  IS  minutes  by  organizatitHial  tevel  persmmel  using  standard  organizational  level 
totds.  A  practicai  means  of  recovering  and  repairing  expended  fiber-optic  caUe  for  re-use  is  required  Tbe 
cable  recovery  system  shall  be  curable  of  recovering  fiber-optic  cable  on  txie  spool  at  tbe  rate  of  IS 
kilometers  per  hour.  Tbe  system  shall  be  enable  of  being  powered  by  the  HMMWV  vehicle,  and  be 
simple  in  design  fm  field  maintainability.  The  system  shall  be  vehicle  mountable  and  require  no  more  than 
two  Marines  to  opexaxe  it.  Tbe  total  gross  weight  for  a  fidly  configured  TOV  (with  rrusskm  nmdule,  fiber¬ 
optic  cable,  ammunition,  etc.)  wiQ  not  exceed  7,500  lbs  (3,402  kg).  The  TOW  2  weapems  system  is  an 
easily  transportable,  heavy  anti-tank  we^n  cqrable  of  attacking  and  defeating  armored  vehicles  and  mher 
land  targets  such  as  field  fortification  and  concrete  bunkers.  Tbe  bare  MK19  weighs  75.6  lbs,  has  a  blow- 
badc  ^on  with  a  cyclical  rate  of  fire  of  325  to  375  rounds/minute,  and  is  fed  Iran  20-roond  or  50-iDUDd 
ammunition  belts.  Tbe  M2  machine  gun  is  an  automatic  recoil  operated  alternate-feed,  link-belt  fed,  air- 
coded,  crew-qnated  wefgxm. 
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